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PREFACE. 



In the preparation of the last cditiou (1869) I undcrtook to 
rewrite this book in the hope of adapting it more thoroughly to 
the wants of our English students. To this I was led by a 
considerable experienee in laboratory teaching, and also by the 
unanimons and authoritative ad vice of many friends. But I 
confess that I then took too broad a view of my duty, and in 
obedience to the author's wish I now abandon my reforms and 
adhere to the original text. 

As usual^ the author continues to keep his work abreast with 
the progress of science. Since the publication of the last 
translation (Sixth English Edition^ 1864) he has revised all 
parts of the work, the pages on Rare Metals and Alkaloids 
showing the greatest alterations. Sevcral new figures will be 
noticed^ and the old spectrum table has been replaced by a 
fresh one. 

A. V. 

SCHOOL OF ChXMISTBT, 

20, Gbbat Mablboboügh Stbsst, 
June, 1872. 
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INTRODUCTORY. 



PRELIMINARY REMARKS. 

DEPIXITION, GENERAL PRINCIPLE9, OBJECT8, UTILITY, AND IMPOR- 

TANCE OF QUALITATIVE CHEMICAL ANALYSIS CONDITIONS AND 

REQUIREMBNT8 FOR A 8UCCESSFUL STUDY OF THAT SCIENCE. 

Crem IST RY is the science which treats of the various materials entering 
iüto the stnicture of the earth, their composition and decompositiony 
their mutual relations and their deportment in general. A special 
branch of tliis science is designated Analyticdl ChenUstry, inasmuch as it 
pursues a distinct and definite object — viz. the analjsis of Compound 
Dodies, and the determination of their component elements. Analjtical 
chemistry, again, is subdivided into two branches — viz. qualitative 
onalysisy whicn simplj studies the nature and properties of the com- 
ponent parts of bodies ; and quantitative analysis, which ascertains the 
quantitj of everj individual constituent present. The office of qualitative 
analjsis, therefore, is to exhibit the constituent parts of a substance of 
onknown composition in forms of known composition. from which the 
Constitution ot the bodj examined and the presence ot its several com- 

Sonent elements maj be positivelj inferred. The efficiencj of its method 
epends upon two conditions — viz., Ist, it must attain the object in 
view with unerring certainty, and 2nd, ic must attain it in the most 
expeditious manner. The ooject of quantitative analysis, on the other 
hand, is to exhibit the elements revealed by the qualitative investiga- 
tion in forms which will permit the most accurate estimate of their 
weight, or to effect by other means the determination of their quantity. 
These diflferent ends are, of course, attained respectively by very 
different ways and means. The study of qualitative analysis must, 
therefore, be pursued separately from that of quantitative analysis, and 
must naturally precede it. 

Having thus generally defined the meaning and scope of qualitative 
analysis, we have now stiu to consider, in the nrst place, the preliminary 
information reouired to qualify students for a successful cultivation of 
this branch ot science, the rank which it holds in the domain of 
chemistry, the bodies that feil within the sphere of its Operations, and 
its Utility and importance : and, in the second place, the principal parts 
into which its study is divided. 

It is, above aU^ absolute]/ indispensable for a succeasSulL igrax«a\\i c& 
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2 PRELIMINART REMAEKS. 

qualitative investigations that the Student should possess some know- 
ledge of the chemical elements, and of their most important combination?, 
as well as of the principles of chemistrj in general ; and that he should 
combine with this knowledge some readiness in the apprehension of 
chemical processes. The practical part of this science demands more- 
over strict order, great cleanness and neatness, and a certain skill in 
manipulation. If the Student joins to these qualifications the habit of 
invariablj ascribing the failures with which he maiy happen to meet to 
some error or defect in bis Operations, or, in other words, to the absence 
of some condition or other indispensable to the success of the experiment 
— and a firm reliance on the immutabilitj of the laws of nature cannot 
fail to create this habit — ^he possesses everj requisite to render his study 
of analjtical chemistry successful. 

NoWy although chemical analysis is based on e^eneral chemistry, and 
cannot be cultivated without some previous knowledge of the latt^r, yet, 
on the other band, we have to look upon it also as one of the main 
pillars upon which the entire structure of the science rests, since it is 
of almost equal importance for all branches of theoretical as well as of 
practical chemistry ; and I need not expatiate here on the advantages 
which the physician, the pharmaceutist, the mineralogist, the rational 
farmer, the manufacturer, and many others derive from it. 

This consideration would surely in iteelf be sufficient reason to re- 
commend a thorough and diligent study of this brauch of science, even 
if its cultivation lacked those attractions which yet it unquestionably 
possesses for every one who devotes himself zealously and ardently to it. 
The human mind is constantly striving for the attainment of truth ; it 
delights in the Solution of problems ; and where do we meet with a 
greuter variety of them, more or less difficult of Solution, than in the 
province of chemistry ? But as a problem to which, after long ponder- 
mg, we fail to discover the key, wearies and discourages the mind ; so, 
in like manner, do chemical investigations, if the object in view is not 
attained — if the results do not bear the stamp of truth, of unerring 
certainty. A half-knowledge is therefore, as indeed in every department 
of science, but more especially here, to be considered worse than no 
knowledge at all ; and a mere superficial cultivation of chemical analysis 
is consequently to be particularly guarded against. 

A qualitative investigation may be made with a twofold view — viz., 
either, Ist, to prove that a certain body is or is not contained in a sub- 
stance, e,g,j lime in spring-water; or, 2nd, to ascertain all the consti- 
tuents of a chemical Compound or mixture. Any substance may of course 
become the object of a chemical analysis. 

But all elements are not equally important for the purposes of prac- 
tical chemistry, a certain numoer of them only being founa more widely 
disseminated in nature, and being more generally employed in pharmacy, 
in the arts and manufactures, and in agriculture, whilst the others are 
met with only as constituents of rarely occurring minerals; the elementB 
of the former class alone, therefore, and the more important of their 
Compounds, will be considered more fuUy in the present work, whilst 
those of the latter class will be discussed more briefly and in a manner 
to enable the learner to separate, without difficulty, the study of the 
former irom that of the latter. This arrangement will serve to render 
the stu(hr of the science more easy to beginners^ and to lighten the 
labors of practical chemists. 



§§ 1, 2.] OPEBATIONS. S 

The study of qualitative analysis is most properlj divided into four 
principal parts — viz., 

1. Chemical Operations. 

2. Reaoents and their uses. 

3. ReACTIONS, OR DEPORTMENT OP THE VARIOUS B0DIE8 WITH 

reaqents. 
4. Ststematic course of qualitative analtsis. 

It will now be readily understood tliat the pursuit of chemical 
analjsis reqüires practical skill and abilitj as well as theoretical know- 
ledg^ ; and that, consequentlj, a mere speculative study of tbat science 
caD be as little expectea to lead to success as purely empirical experi- 
ments. To attain the desired end, theory and practice must be combined. 



SECTION I. 

OPERATIONS. 

§1. 

The Operations of analytical chemistry are essentially the same as 
those of synthetical chemistry, though modified to a certain exten t to 
adapt them to the different object in view, and to the small quantities 
operuted upon in analytical investigations. 

The following are the principal Operations in qualitative analysis. 

§2. 
1. Solution. 

The terra Solution, in its widest sense, denotes the perfect union of a 
Kody, no matter whether gaseous, liquid, or solid, with a fluid, resulting 
in a homoffeneous liquid. However, where the substance dissolved is 
gaseous, tne term absorption is more properly nlade use of ; and the 
Solution of one fluid in another is more generally called a mixture. The 
application of the term Solution, in its usual and more restricted sense, 
is confined to the perfect union of a solid body with a fluid. 

A Solution is tne more readily efi^ected the more minutely the body 
to be dissolved is divided. The fluid by means of which the Solution is 
eflfected, is called the solvente We call the Solution chemical, where the 
solvent enters into chemical combination with the substance dissolved ; 
simple f where no deflnite combination takes place. 

In a simple Solution the dissolved body exists in the iree State, and 
retains all its original properties, except those dependent on its form and 
cohesion; it separates unalt/ered when the solvent is withdrawn. Com- 
mon sah dissolved in water is a iamiliar instance of a simple Solution. 
The salt in this case imparts its peculiar taste to the fluid. On evapo- 
rating the water, the salt is left oehind in its original form. A simple 
Solution is called saturated if the solvent has reccived as much as it can 
retain of the dissolved substance. But as fluids dissolve generally larger 
quantities of a substance the higher their temperature, the term soxw- 
ratedy as applied to maple solütiona, is only relative, andTeiei^VoN^SsX^^ 

B 2 
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to a certain temperature. It may be laid down as a g^neral rtde that 
elevation of temperature facilitates and accelerates simple Solution. 

A chemical Solution contains the dissolved substance not in the same 
State nor possessed of the same properties as before; the dissolved body 
is no lono^er free, but intimately combined with the solvent, which latter 
also has lost its original properties ; a new substance has thus been pro- 
duced, and the Solution manifests therefore now the properties of this 
new substance. A chemical Solution also maj be accelerated bj eleva- 
tion of temperature; and this is indeed usuallj the case, since heat 
g-enerally promotes the action of bodies upon each other. But the 
quantity ot the dissolved body remains always the same in proportion to 
a given quantity of the solvent, whntever may be the difference of 
temperature — the combining proportions of substances being invariable 
and altogether independent of the gradations of temperature. 

The reason of this is, that in a chemical Solution the solvent and the 
body upon which it acts have invariably opposite properties, which they 
strive mutually to neutralize. Further Solution ceases as soon as this 
tendency of mutual neutralization is satisfied. The Solution is in this 
case also said to be saturated or, more properly, neutralizedj and the 
point which denotes it to be so is termed tne point of Saturation or neu- 
tralization. 

The substances which produce chemical Solutions are, in most cases, 
either acids or alkalies. With few exceptions, they have first to be 
converted to the fluid State by means of a simple solvent. When the 
opposite properties of acid and base are mutuaily neutralized, and the 
new Compound is formed, the actual transition to the fluid State will 
ensue only if the new Compound possesses the property of forming a 
simple Solution with the liquid present ; e.g,^ if Solution of acetic acid in 
water is brou^-ht into contact with oxide of lead, there ensues, first, a 
chemical combination of the acid with the oxide, and then a simple Solu- 
tion of the new-formed acetate of lead in the water of the menstruum. 

In pharmacy Solutions are often made in a porcelain mortar, by 
triturating* the body to be dissolved with the solvent added gradually 
in small quantities at a time; in chemical laboratories Solutions are 
rarely made in this nfanner, but generally by digtistinff or heating the 
substance to be dissolved with the fluid in beakers, flasks, test-tubes, or 
dishes. In the preparation of chemical Solutions the best way generali v 
is to mix the body to be dissolved in the first place with water (or witn 
whatever other indifferent fluid may happen to be used), and then 
gradually add the chemical agent. By this course of proceedinff a large 
excess ot the latter is avoidect, an over-energetic action gnardea against, 
the process greatly facilitated, and complete Solution ensured, which is a 
matter of some importance, as it will not seldom happen in chemical 
combinations that tne product formed refuses to dissolve if an excess of 
the chemical solvent is present ; in which case the molecules first formed 
of the new salt, being insoluble in the menstruum present, gather round 
and enclose the particles still unactod on, weakening thereby or prevent- 
ing altogether further chemical action upon them. Thus, for mstance, 
witherite (carbonate of baryta) dissolves readily if water is poured upon 
the pulverised mineral and hydrochloric acid gradually aaded ; but it 
dissolves with difficulty and imperfectly if it is projected into a concen- 
trated Solution of hydrochloric acid in water; since chloride orbarium 
will indeed dissolve in water^ but not in hydrochloric acid. 
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Crtstallization and precipitation are the reverae of Solution^ 
doce tbej have for their object the conversion of a fluid or dissolved 
substance to the solid State. As both generallj depend on the same 
cause, viz., on the want of a solvent, it is impossible to assign exact 
limits to either ; in many cases they merge into one another. We must, 
however, consider them separately here, as they differ essentially in 
their extreme forms, and as the special objects which we purpose to 
attain bj their application are generally very diflfcrent. 

§3. 

2. Crtstallization. 

We understand by the tenn erystallizatimiy in a more general sense, 
every Operation or process wnereby bodies are made to pass from the 
fluid to the solid State, and to assume certain iixed, mathematically 
deflnable, regulär forms. But as these forms, which we call erystaUy 
are the more reeular, and consequently the more perfect, the more 
slowly the Operation is carried on, we always connect with the term 
crystallization the accessory idea of a slow separation^-of a gradual 
conversion to the solid State. The formation of crystals depends on the 

rar arrangement of the ultimate particles of bodies ; it can only 
place, therefore, if these particles possess perfect freedom of 
motion, and thus in general only when a substance passes from the 
fluid or gaseous to the solid State. Those instances in which the mere 
ienition, or the softenin^ or moistening of a solid body, suflices to make 
the tendency of the particles to a regulär arrangement (crystallization) 
prevail over the dimmished force of cohesion — such as, for instance, the 
tuming white and opaque of moistened barley-sugar — are to be re- 
gardea as exceptional cases. 

To induce crystallization, the causes of the fluid or gaseous form of 
a substance must be removed. These causes are either heaty as in the case 
of fused metals ; or solventSy as in the case of an aqueous Solution of 
common salt ; or both eombmedy as in the case of a bot saturated Solution 
of nitrate of potassa in water. In the first case we accordingly obtain 
crystals by cooling ; in the second by evaporating ; and in tue third 
by either of these means. The most frequently occurring case is that 
of crystallization by cooling bot saturated Solutions. The Iiquors which 
remain after the Separation of crystals are called mother'liqtiors, The term 
mmarpkaus is applied to such solid bodies as have no crystalline form. 

We have recourse to crvstallization mostly either to obtain the 
erystallized substance in a solid form, or to separate it from other sub- 
stances dissolved in the same menstruum. In many cases also the 
form of the crystals or their deportment in the .air, viz., whether they 
remain onaltered or eflloresce or deliquesce upon exposure to the air, 
will aflbrd an excellent means of distinguishing between bodies other- 
wise resembling each other ; tbr instance, between sulphate of soda 
and sulphate of potassa. The process of crvstallization is usually 
eflfected in evaporating dishes or, for very small quantities, in watch- 
glaMes. 

In cases where the quantity of fluid to be operated upon is only 
tBiall, the surest way ot getting well-formed crystals is to let the fluid 
evaporate in the air or, ^tter still, under a bell-glass, imder which is 
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also placed an open vessel half-filled with concentrated sulphuric acid. 
Minute crystals are examined best with a lens or under the micro- 
scope. 

8. Precipitation. 

This Operation differs from the preceding in this, that the dissolved 
body is converted to the solid State, not slowly and gradually, but 
suddenly, no matter whether the substance separating' is crystalline or 
amorphous, whether it sinks to the bottom of the vessel or ascends or 
remains suspended in the liquid. Precipitation is either caused by a 
modiiication of the solvent — thus sulphate of lime separates immediately 
from its Solution in water upon the addition of alcohol ; or it ensues in 
consequence of the Separation of an educt insoluble in the menstruum 
— thus metallic copper precipitates if a Solution of chloride of copper is 
broue'ht into contact with zinc, as this separates the copper from the 
chloriney and the eliminated metal is insoluble in the water. Precipita- 
tion, lastly, takes place also where, by the action of simple or double 
chemical afiinity, new Compounds are formed which are insoluble in the 
menstruum ; thus Oxalate of lime precipitates upon addition of oxalic 
acid to a Solution of acetate of lime ; Chromate of lead if Chromate of 
potassa in Solution is mixed with Solution of nitrate of lead. In de- 
compositions of this kind, induced by simple or double uffinity, one of 
the new Compounds remains generally in Solution, and the same is 
sometimes the case also with the educt ; thus in the instances just 
mentioned the chloride of zinc, the acetic acid, and the nitrate of 
potassa remain in Solution. It may, however, happen also that both 
the product and the educt, or two products, precipitate, and that 
nothing remains in Solution; this is the case, for instance, when a 
Solution of sulphate of magnesia is mixed with baryta water, or when a 
Solution of sulphate of silver is precipitated wilh culoride of barium. 

Precipitation is resorted to for tue same purposes ns crystallization, 
yiz., either to obtain a substance in the solid form, or to separate it 
from other substances dissolved in the same menstruum. But m quali- 
talive analysis we have recourse to this Operation more particularly for 
the purpose of detecting and distiuguishing substances by the color, 
properties, and general deportment which they exhibit when precipi- 
tated either in an isolated State or in combination with other substances. 
The solid body separated by this process is called the precipitate, and 
the substance which acts as the immediate cause of the Separation is 
termed the precipitant, Various terms are applied to precipitates by 
way of particularising them according to their different nature ; thus 
we distinguish crystalline, pulverulent, iiocculent, curdy, gelatinous 
precipitates, £c. Precipitates which appear pulverulent to the naked 
eye will often be seen when examined under the microscope to consist 
entirely of regulär crystals ; and such precipitates may frequently be 
distinguished from each other in this way. 

The terms turUd and turhidity, or cUmdy and elavdiness, are made use 
of to designate the State of a iluid which contains a precipitate so finely 
divided and so inconsiderable in amount, that the suspended particles, 
although impairing the transparency of the fluid, yet cannot be clearly 
distinguished. The Separation of äocculent precipitates may generally 
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be promoted by rigoronsly shdiuiff the vesBel ; that of crjstalline preci- 
pitates, by Btirring' the äuid and rubbing; the inaide of the vessel with a 
glai« rod ; laatly, eieratioii of temperatiire ia also an effectiTe means of 
promotiiig the separatioa of moet precipitates. The process is con- 
dact«<], sccording to circumstancea, either in test-tubes, äaakg, beakers, 
ordishes. 

The two operatioiu described in i/S 6 and 6. riz. filtratioit and 
DECANTATioN aerve to e%ct the mechanical Separation offluids Irom 
Duttt«r Guapeiided therein. 

i. Filtration. 

Thia Operation consists simply in pagging tbe fluid from which we 
wish to remove the solid particles roechanically suspended ttierein 
thruugh a filterin^ apparatus, formed usually by a pronerly folded piece 
of unsized paper placed ia a fiiDuel. Aa apparatus oi thia description 
■Uows tbe äoid to trickle through with ease, whilst it completely re> 
tains the solid particles. We employ smooth Alters and plaited Alters; 
tbe fonner in cases wbere the separated solid substance is to be made 
UBe of, the latter in cases where it is simpir intended to clear tbe Solu- 
tion. Smooth Altera are prepared by double-fulding a circulsr piece of 
pai>er. with the folda at right anales ; they must in every part fit close 
(o tbe funnel. The preparation of plaited Alters is tnore properly a 
matter for ocutar demonstration tban for description. In cases where 
the Contents of tbe Alter re- 
quire washing, the paper must 
not project over tue rim of 
the fiinnel. It ia in moat 
casea advisable to moisten tbe 
Alter previously to paasing 
tbe fluid tbrough it; since 
tbis not only t«nda to accele- 
rate tbe process, but also to 

trerent the solid particles 
eing' carried through tbe 
ptres of tbe Alter. The paper 
eelected for Altere must oe as 
free as poasible from inorganic 
■ubstancea, especially auch aa 
•re diasolved by acids, as 
■esquioxide of iron and lime. 
Tbe common Alt«ring paper 
of commerce aeldom comes 
np to onr requirements in 
tbis respect, and I would 
tberefore aiways recommend ' 
to waah it with acid and water 
whenever it is intended for 
tue in aeaavU aiulyiti. For 
Ulis purpoae the apparatus 
tfiown in th« figura will be found Gonvenient. a is a Vittlft "tvül tbft 




Fig. 1. 
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bottom out, a and b are glass plates, between them lie the filters 
which have been previously cut and folded, d ia b, glass tube fitted 
into the cork e, e is a piece of flexible tube, which is closed by a 
piece of glass rod or a clip. The bottle is filled with a mixture 
of one part hydrochloric acid sp. gr. 1'12 and two parts water, in 
which the Alters are allowed to soak twelve hours, the acid being 
then run ofl* and replaced by ordinary water. After an hour this is 
replaced by fresh water, and so on tili the washings are barely acid. 
The washin^ is continued with distilled water tili the washin^ are free 
from hydrochloric acid — that is, tili they cease to give any turbidi^ when 
mixed with a few drops of Solution of nitrate of silver. Finally, the 
filters are drained, turned out onto blotting paper, covered with the 
same, and dried in a sieve in a warm place. When we merely want to 
wash two or three filters, we place them in a fiinnel. as in filtering, one 
inside the other, moisten them with dilute hydrochloric or nitric acid, 
and after some time wash them well with distilled water. Filtering 

Saper, to be considered good, must, besides being pure, also let 
uids pass readily through, yet completely retain even the finest 

pulverulent precipitates, such as sul- 
phate of baryta, Oxalate of lime, &c. 
Where a paper satisfying these require- 
ments cannot be readily procured it is 
advisable to keep two sorts, one of closer 
texture for the Separation of very finely 
divided precipitates, and one of CTeater 
porosity for the speedy Separation of 
grosser particles. 

The funnels must be of glass or porce- 
lain (§ 18, 10); they are usually placed 
on an appropriate stand, to keep them in 
a fixed Position. The stand shown in 
fig. 2 is particularly well adapted for the 
reception of the small-sized ftinnels used 
Fig. 2. in qualitative analyses. 

The method of rapid filtration by 
means of an exhausting apparatus will be described m the Quantiuuive 
Analysis. 

§6. 

6. Decantation. 

This Operation is frec^uently resorted to instead of filtration, in 
cases where the solid particles to be removedareofconsiderablygreater 
specific gravity than tue liquid in which they are suspended ; as they 
will in such cases speedily subside to the bottom, thereby rendering it 
easy either to decant the supematant fluid by simply inclining the 
vessel, or to draw it off by means of a syphon or pipette. In many 
cases we are obliged to employ decantation for the complete Separation 
of precipitates from fluids, especially when a precipitate is of so gela- 
tinous or slimy a nature that it would immediately stop the pores of a 
filter and prevent the passage of the fluid. Occasionally we oombine 
decantation and filtration together by allowing the precipitate to settle^ 
and then pouring the fluid as clear as possible onto a filter. 
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§7. 
6. Washing. 

In cases where filtaration or decantation are resorted to for the pur- 
pose of obtaining tke solid substance, the latter has to be freed after- 
wards b; repeated washing from the liquid still adhering to it. The 
washing ot precipitates collected on a filter is 
nsuallj efEected bj means of the washing-bottle 
(fig. 3). 

The drawing needs no elaborate explanation. 
The outer end of the tube a is drawn out to a 
fine point. By blowing air into the flask through 
the other tuoe, a fine jet of water is ezpelled 
througfai a. with a certain degree of force^ which 
is particularlj well suited for washing precipi- 
tates. Washmg-bottles of this construction afibrd 
also the advantage that they do equally well for 
washing with hot water. For this purpose they 
are either fumished with a handle, or some cork 
is bound round the neck. The best way of wash- 
ing by decantation is, after the supematant fluid 
has been poured off, to stir up the preeipitate 
with water or whatever fluid may be used for 
the washing, to allow to settle, to pour off again, and so on. 

As the success of an analytical Operation often depends absolutely 
upon the proper washing of a preeipitate, it may as well be mentioned 
at once that the Operation ought never to be considered completed 
before the object of it has been really attained. And this is usually 
the case only when the preeipitate has been absolutely freed from the 
fluid adhering to it. The Operator should, in this respect, never trust 
to mere belief or guessing, but should always make quite sure by 
properly testing the last washings. With fixed bodies it generally 
suflices to slowly evaporate a drop of the last washings on platinum- 
foil, when complete volatilization will show that the end in view has 
been fiiUy attained. 

§8. 

7. DiALYSIS. 

Dialysis is an Operation which is occasionally employed for the 
Separation of certain bodies from each other when they are in 
Solution U^ther ; at first sight it appears to have some resemblance 
to filtration, but in reality it differs essentially from filtration. This 
Operation has been recently introduced to the scientific world by 
Graham (Phil. Mag. Fourth Series, Nos. 153 — 155), and depends upon 
the different behaviour of bodies dissolved in water towards meist mem- 
branes. A certain class of bodies, the crystalloids, have the power of 
penetrating suitable membranes with which their Solution may be 
plaoed in contact ; whilst another class, the colloids, do not jpossess that 
property. Hence the two classes may be separated by taking advan- 
tage ofuua action. To the ciystalloida belong all crystallizabk bodk« \ 
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to the coUoidB all non-ciystalUzable bodiee, as gelstine, gum, dextrin, 
caramel, tannin, elbumen, eztractive matters, hjrdrated ailicic acid, &c. 
The septum muBt conÜBt of a colloid material, as for instaace an 
enimal membrane, or, better Btill, parchment [taper, and it must 
OD the other aide be in contact with water. Grahak ezplains 
tba action on the assumptioD tbat the cirstalloids approfniate to tliem- 
aelves the vater absorbed by the coUoia septum, ocquiriDg therebj a 
tnedium for diffiision, whilst the dissolved colloida sie unable to 
BejMirate the water from the septum, and fail therefore to penetrate the 
latter. Fips. 4 and 5 exhibit suitable forma of apparatua für this Opera- 




tion. Id 6g. 4 the dialyeer consists of the top of a bottle closed below 
vith parchment paper ; in fig. 5 it consists of a lioop covered like a 
aieve with parchment paper. The hoop may be of wood, or better of 
ipitla-percha. The disk of parchment paper used should meaaure three or 
tour incbes io diameter more than the Space to be covered ; it is 
moistened, stretched over and fästened by a Btring or by an elaatic band, 
but it should not be secured too firmly. The parchment paper must 
not be porous ; ita soundneBS may be tested by sponging the upper side 
with water, and observing whether wet spota ahow on the other aide. 
Defects may be remedied by applyinp liquid albumen and coagulatinp 
tliix by beat. Wben the dialyser has tbue been got ready, the moES to 
be examined is poured iuto it. If the masB w quite änid the apparatus 
6g. i may be uaed, but if it contains undiBsoWed aolid matter, the boop 
is to be preferred. The depth of fluid in the dialvser should not be more 



tlie Burface of the water in the outer vessel, which should amount to at 
Icest four times the quantity of the fluid to be dialysed. The dialyaer 
in flg. 4 iB suspended in the manner indicated— the hoop is simply floated 
OD the water. Alter twenty-four houra half or three-fourms of the 
ciy-stalloids will be found in the ezternal water, while the colloidn re- 
niain in the diaijser — at moat only treces paas into the ezternal änid. 
If the dialyaer is brought Bncceaaively in contact with freah snpplies of 
water, the whole of the cryatalloids may be finally Beparated rrom the 
colloids, Thia operatioo is often of considerable service in chemico-lt^al 
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investigations for the extraction of poisonous crjstalloids from part^of a 
dead bodv^ food^ Tomit, &c, 

There are four Operations which serve to separate volatile substances 
from les8 volatile or from fixed bodies, viz., evaporatioH, distiUation, 
ipidtiomy and sMimatiam, The two former of these Operations refer ex- 
clusivelj to fluids^ the two latter exclusively to solids. 

§9. 

8. EVAPORATION 

This is one of the most common Operations in analytical chemistrj. 
It serves to separate volatile fluids from less volatile or from fixed bodies 
(no matter whether solid or fluid), in cases where the residuary substance 
alone is of importance, whilst the evaporating matter is entirely disre- 
garded; — thoMf fbr instance, we have recourse to evaporation for the 
purpose of removing from a saline Solution part of the water, in order 
to bring about crjs&lization of the salt ; we resort to this process also 
for the parpose of removing the whole of the water from the solutioa of 
a non-crjatallixable substance, so as to obtain the latter in a solid form, 
£c. The evaporated water is entirely disregarded in either of these 
cases, the only object in view being to obtain, in the fbrmer case a 
more conoentratea fluid, and in the latter a dry substance. Tliese 
objeotB are invariably attained by Converting the fluid which is to be 
removed to the gaseous State. This is generaliy done by the applica- 
tion of heat ; sometimes also by leaving the fluid for a certain time in 
contact with the atmosphere, or with an enclosed volume of air con- 
stantly kept dry by hygroscopic substances, such as concentrated 
sulphuric acid, chloride of calcium. &c. ; or, lastly, in many cases, by 
placing the fluid in rarefied air, with simultaneous application of hygro- 
scopic substances. As it is of'the utmost importance in qualitative 
analyses to guard aorainst the least contamination, and as an evaporating 
fluid is the more lii^le to this the longer the Operation lasts, the process 
is usoally conducted with proper expedition, in pprcelnin or platinum 
dishea, over the flame of a spirit or eas-lamp, in a separate place free 
from dust, preferably in a cupboara provided with a draught. If 
the Operator has no place of the kind, he must have recourse to the 
much less suitable proceeding of covering the dish ; the best way of 
doing this is to place over the dish a large glass funnel secured by a 
retort-holder, in a manner to leave sufiicient space between the nm of 
the funnel and the border of the dish ; the funnel is placed slightly 
aslant, that the drops running down its sides may be received in a 
beaker. Or the dish may also be covered with a sheet of filter-paper 

Ereviously freed from inorganic substances by washing with dilute 
ydrochloric or nitric acid (see § 5) ; were common and unwashed filter- 
paper used for the purpose, the sesquioxide of iron, lime, &c., contained 
m it would dissolve in the vapors evolved (more especially if acid), and 
the Solution dripping down mto the evaporating fluid would speedily 
contaminate it. These precautions are necessary of course only in 
accnrate analyses. Large quantities of fluid are evaporated best in 
flaska Standing asiant, covered with a cap of pure filtering paper, over a 
eharcool fire or gas; or also in tubulated retorts witk u^ck n^n^ 
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obliquely upward, and open tubulure. Evaporating procespies at 100'' 
are conducted in a suitable stcam apparatus, or in the water-bath ahown 
in fig. 6. Evaporation to dryness is not usually conducted over the 

naked ilaiue, but generally either on the water- 
bath or the sand-bathy or on an iron plate. 

There is a circumstance connectea with the 
subject which should be noted here; namely, 
that porcelain and rfass vessels — which we can 
hardly avoid usin^ ior the evaporation of large 
quantities of äiiias — are slightly attacked, and 
so their contents become more or less contami- 
nated with their constituents. This will be more fuUy discussed in the 
Quantitative Analysis, but it becomes a source of great trouble in delicate 
work. I will now be content to advise the Student never to evaporate 
alkaline fluids in glass, as at a boiling temperature they attack it 
considerably. 

§ 10. 

9. DiSTILLATION. 

This Operation serves to separate a volatile liquid from a less volatile 
or a non- volatile substance (no matter whether solid or fluid) where the 
object is to recover the evaporating fluid. In order to attain this end, 
it is necessary to reconvert the liquid from the gaseous form in which it 
evaporates into the fluid State. A distilling apparatus consists conse- 
quently always of three parts, no matter whether separable or not 
These three parts are — Ist, a vessel in which the liquid to be distilled 




Fig. 7. 



is heated, and thus converted into vapor ; 2nd, an apparatus in which 
this vapor is cooled again or Condensed, and thus reconverted to the 
fluid State ; and 3rd, a vessel to receive the fluid thus reproduced by 
the condensation of the vapor (the distillate). For the aistillation of 
large quantities metallic apparatus are used(copper stills with head and 
condenser of tin), or large glass retorts ; in anaiytical inveatigatioiis we 
either use small retorts with receivers, or more usually an apparatna auch 
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as 18 shown in fig. 7. The fluid to be distilled is boiled in a, and the 
rapor escapes throngh the tube which is fitted into the cork. The tube 
is snrronnded with a wider tube which is filled with cold water. In 
Proportion as the water cools the inner tube, it becomes heated itself, 
and consequentlj requires renewing continuallj or occasionallj, which 
is done by pouring cold water in through d, after placini^ a vessel 
under ^ to catch the bot water which will run out. A small flask serves 
as a receiver. 

§11. 

10. Ignition. 

Ignition is, in a certain manner, for solid bodies what evaporation is 
widi regard to fluids ; since it serves (at least generally) to separate 
Tolatile substances from less volatile or from fixed bodies in cases where 
the residuarj substance alone is of importance. The process of ignition 
always presupposes the application of a high temperature, in which 
respect it differs from drjing. The form or State which the eliminated 
substance assumes on cooling — ^whether it remains gaseous, as in the 
ignition of carbonate of lime ; or assumes the liquid State, as in the 
ignition of hydrate of lime ; or solidifies, as in the ignition of a mixture 
containing chloride of ammonium— is a matter of perfect indifference as 
regards tue name given to the Operation. 

The process of ignition is mostly employed, as has just been said, to 
effect the elimination of a volatile oodj. In some instances, however, 
substances are ignited simplj for the purpose of modifying their State, 
without anj volatilizadon taking place ; thus the sesquioxide of chromium 
b converted hj ignition into the so-called insoluble modification, &c. 
In analytical investigations substances under examination are ofben 
ignited also, that the Operator may irom their deportment at a red hcat 
oraw a conclusion as to their nature in general, their fixity, their 
fiisibilily, the presence or absence of organic matter, &c, 

Cmoibles are the vessels generally made use of in ignition. In 
Operations on a large scale Ilessian or black-lead crucibles are used, 
heated by charcoal or gas ; in analytical experiments small-sized cruci- 
bles or dishes are seleoted, of porcelain, platinum, silver, or iron, or 
glifls tubes sealed at one end, according to the nature of the substances 
to be Ignited ; these crucibles, dishes, or tubes are heated over a Ber- 
zeliua apirit-iamp^ or a gas-lamp, or a bellows blowpipe. 

§ 12. 

11. Sublimation. 

-The term sublimatum designates the process which serves to convert 
solid bodies into vapor by the application of heat, and subsequently to 
recondense the vapor to the solid State by reirigeration ; — the substance 
volatilised and recondensed is called a Sublimate, Sublimation is conse- 
qnently a distillation of solid bodies. We have recourse to this process 
mostly to effect the Separation of substances possessed of diflerent 
degrees of yolatility. Its application is of the nighest importance in 
anmljris for the detection of certain substances, e,g. of arsenic. The 
▼eisela naed in Sublimation are of various shapes, according to the 
dtffifftnt dqj^rees of Tolataiitj d the sabstancea operat^ ui^u« Itl 
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Sublimations for analjdcal purposes we generallj employ sealed glass 
tubes. When the Sublimation is performed with the aid of a current of 
hydrogen or carbonic acid we use open glass tubes, wbich are usuallj 
made narrower just behind the part to which the heat is applied. 

§ 13. 
12. Fusion. 

Simple fusicn is the conversion of a solid substance into the fluid 
form by the application of heat ; it is most frequently resorted to for 
the purpose of effectinfzf the combination or the decomposition of bodies. 
The term is also applied in cases where substances insoluble or difficult 
of Solution in water and acids are by fiision in conjunction with some 
other body modified or decomposed in such a manner that they or the 
new-formed Compounds will subsequently dissolve in water or acids. 
Fusion is conducted either in porcelain, silver, or platinum crucibles, 
aecording to the nature of the Compound. The crucible is supported on 
a triang^ of moderately stout platinum wire, resting on, or attached to, 
the iron ring of the Berzelius spirit-lamp or the gas-lamp. Triangles 
of thick iron wire, especially when laid upon the stouter brass ring of 
the lamp, carry off too much heat to allow of the production of very 
high temperatures. Small quantities of matter are also often fused in 
glass tubes sealed at one end. 

Resort to fusing is especially reouired for the analysis of the sul- 
phates of the alkaline earths, and also for that of many Silicates and 
alumina Compounds. The ilux most commonly used is carbonate of 
soda or carbonate of potassa, or, better still, a mixture of both in equal 
atomic proportions (see § 76). In certain cases hydrate of baryta is 
used instead of the alkaline carbonates. 

For the fusion of aluminates, bisulphate of potassa or bisulphate of 
soda is frequently used. 

A platinum crucible is used for the fusion, whether alkaline car- 
bonates, hydrate of baryta, or alkaline bisulphates are employed. 

I have to add here a few precautionary rules for the prevention of 
damage to the platinum vessels used in these Operations. P(o substance 
evolvmg chlorine ought to be treated in platinum vessels; no nitrates 
of the alkalies, hydrate of potassa and soda, metals, or sulphides of 
metals or cyanides of the alkali metals should be fiised in such vessels ; 
nor should readily deoxidizable metalhc oxides, or salts of the heavy 
metals with organic acids be ignited in them, or phosphates in presence 
of organic Compounds. It is also detrimental to platinum crucibles, 
and especially to their Covers, to expose them direct to an intense char- 
coal fire, as the action of the ash is likely to lead to the formation of 
silicide of platinum, which renders the vessel brittle. It is always 
advisable to support platinum crucibles used in ignition or fusion on 
triangles of platinum wire. When a platinum crucible has been made 
white bot over the bellows blowpipe, it is unwise to cool it too quickly 
by suddenlj turning off the gas, and allowing the cold blast to play upon 
it, since the crucible is under these circumstances very liable to liecome 
slightly cracked. Platinum crucibles are cleaned by rubbing with wet 
sea-sand, the round grains of which do not Scratch the metal. Where 
this &ils to remove me stains the desired object may be attained by 
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Aising bisulphate of potassa or borax in the crucible, boiling subse« 
quently with water, and polishing finallj with sea-sand. 

We bave still to speak here of another Operation which bears some 
affinitj to fiision, viz. — 

§14. 

13. DsFLAaRATION. 

We understand bj tbe term defloffroHon, in a more general Bense, 
ererj process of decomposition attended with noise or detonation — the 
cause of the decomposition being a matter of perfect indifference as 
regards the application of the term in this sense. We use the same 
term, howeyer, in a more restricted sense, to designate the oxidation of 
a substance in the drj waj, at tbe expense of the oxygen of another 
snbstance mixed with it (usuallj a nitrate or a chlorate), and connect 
with it the idea of a sudden and violent combustion attended with vivid 
mcandescence and noise or detonation. 

Deflagration is resorted to either to produce the desired oxide — thus 
eolphide of arsenic is deflagrated with nitrate of potassa to obtain arse- 
nate of potassa ; or it is applied as a means to prove the presence or 
absence of a certain substance — thus salts are tested for nitric or chloric 
acid by fusing them with Cyanide of potassium, and observin^ whether 
they cfedagrate, &c. To attain the former object the perfectly dry 
mixture of the substance and the deflagrating agent is projected in small 
portions at a time into a red-hot crucible. Experiments of the latter 
description are invariably made with minute quantities preferably on a 
piece of thin platinum foil, or in a small spoon. 

§ 15. 
14. The Use of the Blowpipe. 

This Operation belongs exclusively to the province of analytical 
chemistry, and is of paramount importance in many 
analyticd processes. We have to examine here the 
apparatus required, the mode of its application, and 
tue results oi the Operation. 

The blowpipe fig. 8 is a small instrnment, usually 
made of brass or G^rman silver. It was originally 
Oäed for soldering, whence it derived the name of 
solderinff pipe {Loüirohr\ by which the Germans de- 
signate it. It consists of three distinct parts; viz., 
Ist, a tube a h^ fitted, for gpreater convenience, with 
a hom or ivory mouthpiece, through which air is 
blown firom the mouth ; 2nd, a small cylindrical 
vessel e d, into which a ^ is screwed air-tight, and 
which serres as an air-chamber and to retain the 
moistare of the air blown into the tube ; and drd, a 
smaller tube fg^ also fitted into c d. This small 
tube, which forma a right angle with the larger one, 
is fitted at its apertiure either simply with a finely 
perforated platinum plate, or more conveniently 
with a finely Derfiirated platinum cap (h). The 
constmction or the cap is shown in fig. 9. It is^ Fig. a. 
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indeed, a Utile dearer than a simple plate, but it is also mach more 
durable. If the opening of the cap gets stopped up, the obstraction may 
generallj be removed by heating' it to redness betöre the blowpipe. 

The proper length of the blowpipe depends upon the distance to 
which the Operator can see with distmctness ; it is asually firom twenty 
to twenty-five centimetres. The form of the mouthpiece varies. Some 

chemists like it of a shape to be encircled by the Ups ; 
others prefer the form of a trampet mouthpiece, which 
is only pressed against the lips. The latter reqaires less 
exertion on the part of the Operator, and is accordingly 

fenerally chosen by those who have a gpreat deal of 
lowpipe work. 

The blowpipe serves to conduct a continuous fine cur- 
rent of air into a gas-flame, or into the flame of a candle 
or lamp, or sometimes into a spirit-of-wine flame. The 
flame of a candle (and equally so that of gas or of an oil 
lamp), burnin^ under ordinary circumstances, is seen 
to consist of tiiree distinct parts, as shown in flg. 10, 
yiz., Ist, a dark nucleus in the centre (a); 2nd, a 
luminous cone surrounding this nucleus (efff) ; and, 3rd, 
a feebly luminous mantle encircling the whole flame (bed), 
' The dark nucleus is formed by the gases which the heat 
evolves from the wax or fat, and which cannot burn here 
for want of oxygen. In the luminous cone these gases come in contact 
with a certain amount of air insufficient for their complete combustion. 
In this part, therefore, it is principally the hydrogen of the carbides of 
hydrogen evolved which burns, whilst the carbon separates in a State of 
intense ignition, which imparts to the flame the luminous appearance 
observed in this part. In the outer coat the access of air is no longer 
limited, and all the matter not yet burned is consumed here. This 
part of the flame is the hottest, and the extreme apex is the hottest 
point of it. Oxidizable bodies oxidize therefore with the greatest pos- 
sible rapidity when placed in it, since all the conditions of oxidation are 
here united, viz. high temperature and an unlimited supply of oxygen. 
This outer part of the flame is therefore called the oxidiüng ßame, On 
the other nand, oxides having a tendency to yield up their oxygen 
sufler reduction when placed within the luminous part oi the flame, the 
oxygen being withdrawn from them by the carbon and the still uncon- 
sumed carbide of hydrogen there present. The luminous part of the 
flame is therefore called the redticing ßame, 

Now the eflect of blowing a fine stream of air across a flame is, 
first, to alter the shape of the flame, as, from tending upward, it is now 
driven sideways in tne direction of the blast, being at the same time 
lengthened and narrowed; and, in the second place, to extend the 
sphere of combustion from the outer to the inner part. As the latter 
circumstance causes an extraordinary increase of the heat of the flame, 
and the former a concentration of that heat within narrower limits, it is 
easy to understand the exceedingly energetic action of the blowpipe 
flame. The way of holding the blowpipe and the nature of the blast 
will depend upon whether tne Operator want« a reducing or an oxidizing 
flame. The easiest way of producin^ most efficient flames of both kinds 
is by means of coal-gas delivered Kom a jet, shaped as in flg. 11, the 
slit oeing 1 centimetre long and 1^ to 2 millimetres wide; as with the 
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U8e of gas the Operator is enabled to reeulate not only the cnrrent of 
UT, bat that of tue gas also. The task otKeeping the blowpipe steadily 
in the proper position may be fi^reatlj ÜEunlitated by firmly resting that 
instinment 'opon some moveable metalUc support, such as, for instance, 
the ring of Bunsen'b gas-lamp intended for supporting dishes, <jbc. 

Fig. 11 shows the flame for redacing, fig. 12 the flame for oxi* 
dizing. The lominoiis parte are shaded. 




Flg. 11. 

The redmemg JUtne is produoed by keeping the jet of the blowpipe 
just on the border of a tolerably streng gas flame, and driving a 
moderate blast across it. The resulting mixture of the air with the 
gas is only imperfecta and there remains oetween the inner blaish part 
of the flame and the outer barely visible part a luminous and reducing 
Zone, of which the hottest point lies somewhat beyond the apex of the 
inner cone. To produce the axidmng ßame^ the gas is lowered, the jet 
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Fig.ia. 

of the blowpipe pnshed a little further into the flame^ and the strength 
of the current somewhat increased. This serres to efiect an intimate 
miitare of the air and gas, and an inner pointed, bluish cone, slightly 
luminous towards the apex is formed, and surrounded by a thin, pointedf, 
light-bloish, barely visiole mantle. The hottest part of the flame is at 
the apex of the inner cone. Difficnltly Aisible oodies are exposed to 
this part to eflfect their fusion ; bat bodies to be oxidized are held a little 
bejoiid the apez^ that there may be no want of air for dieir combastion. 
I. c 
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An oil-lamp with broad wick of proper thickness maj be uaed instead 
of gas ; a thick wax-candle also will do. For an oxidizing flame a 
amall spirit-lamp will in most cases answer the purpose. 

The current is produced with the cheek muscles alone, and not with 
the lungs. The way of doing this maj be easilj acquired bj practiäng 
for some time to breathe quietly with distended cheeks and with the 
blowpipe between the lips ; witn practice and patience the Student will 
soon De able to produce an even and uninterrupted current. 

The Supports on which substances are exposed to the blowpipe flame 
are generally either wood charcoal, or platinum wire or foil. 

Charcoal Supports are used principally in the reduction of metallic 
Oxides, &c., or in trying the fusibiiity ot bodies. The substances to be 
operated upon are put into small conical cavities, scooped out with a 
penknife or with a little tin tube. Metals that are volatile at the heat 
of the reducing flame evaporate whoUy or in part upon the reduction 
of their oxides ; in passing through the outer name tne metallic fumes 
are re-oxidized, ana the oxide formed is deposited around the portion 
of matter upon the support. Such deposits are called incrustatious. 
Many of these exhibit cnaracteristic colors, leading to the detection of 
the metals. Thoroughly-burnt pieces of charcoal only shoidd be 
selected, otherwise they are apt to spirt and throw off the ^substance. 
The charcoal of the wood of the pine, linden, or willow, is greatly pre- 
ferabJe to that of harder woods, and woods which are richer in ash. 
Smooth pieces ought to be selected, as knotty pieces are apt to ^irt 
when heated, and to throw ofl^ the substance. The most convenient 
way is to saw the charcoal of weil-seasoned and straight-split pinewood 
into parallelo-pipedic pieces, and to blow or brush off the dust; they 
may then be handled without soiling the hands. Those sides alone are 
used on which the annual rings are visible on the edge, as on the other 
sides the fused matters are apt to spread over the surtace of the charcoal 
(Berzelius). Small charcoal supports are sometimes sold, which hare 
been made from powdered charcoal, mixed with rice or starch paste, 
and stamped into convenient shapes — they are very handy and clean. 

The properties which make charcoal so valuable as a material for 
Supports in blowpipe experiments are — Ist, its inlusibility ; 2nd, its 
low conducting power for heat, which permits substances being heated 
more strongly upon a charcoal than upon any other support; 3rd, its 
porosity, which makes it imbibe readily fusible substances, such as 
üorax, carbonate of soda, <&c., whilst infusible bodies remain on the 
surtace; 4th, its reducing power, which greatly contributes to the 
reduction of oxides in the inner blowpipe flame. 

We use platinum wire, and occasionally also platinvm Jbil, in all 
oxidizing processes before the blowpipe, and also when fiising substances 
with fluxes, with a view to try their solubility in them and to watch the 
phenomena attending the Solution, and mark the color of the bead; 
lastly, also to introduce substances into the flame, to see whether they 
will color it. The wire is cut into lengths of 8 centimetres, and each 

o o 

Fig. 18. 

length twisted at both ends into a small loop (flg. 13). When reouired 
for use, the loop is moistened with a drop of water, then dippea into 
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the powdered flux (where a flnx is used), and the portion adhering^ 
fiii^a in the flame of a gtis- or spirit-lamp. When the bead produced, 
which Blicks to the loop, is com, it is moistened agtiin, and a small 
portion of the substance to be examiued put on and made to adhere to 
it by the action of a gentle heat. The loop is then finally exposed, 
according to circumstances, to the inner or to the outer blowpipe ilame. 
What renders the application of the blowpipe particularly useful in 
chemical experiments \% the great expedition with which the intended 
results are attained. These results are of a twofold kind, viz.', either 
they afford us simply an insight into the general properties of the body, 
and enable us accordingly only to determine whether it i» fixed, volatile, 
fusible, &c, ; or the phenomena which we observe enable us at once to 
recognise the partictuar body which we have before us. We shall have 
occasion to describe these phenomena when treating of the deportment 
of the different substances with reagents. 

As in the use of the blowpipe one band is always necessarily en- 
gtiged, and the production of a continued blast requires practice and 
some slight exertion, and as, lastly^ it is not very easy to maintain the 
blowpipe flame always stead&stly, so that the suostances exposed to it 
are undeviatingly kept in the desired parts of the flame, many chemists 
have long been endeavouring to devise some self-acting blowpipe ap- 
paratos, and many contrivances of the kind have been proposed and 
nave found favour. In some of them the air-current is produced by 
means of a gasometer, in others by means of a caoutchouc balloon, in 
others again by a species of hydrostatic blast, &c. But the simplest 
self-actinfi' blowpipe apparatus, by which most of the objects attainable 
with the blowpipe may oe most suitably and conveniently accomplished, 
is the Bunsen gas-lamp, provided with a chimney, whicn burns without 
luminosity and without soot. A description of this lamp foUows in the 
next Paragraph. 

§ 16. 

15. The Use of Lamps, particularly op Gas-lamps. 

As we haye to deal mostly with smaller quantities of matter only, 
we use in processes of qualitative analysis requiring the application of 
heat, such as evaporation, distillation, ignition, &c., generally lamus, 
either spirit-lamps or, where coal-gas is obtainable, most advantageously, 
gas-lamps. 

0{ sptrü'lamps there are two kinds in use, viz., the simple spirit- 
lamp, as shown in fig. 16, and the Berzelius lamp with double draught 
(flg. 14). In the construction of the latter lamp it should be borne in 
mind that the part containing the wick and the vessel with the spirit 
must be in separate pieces, connected cinly by means of a narrow tube ; 
otherwise troublesome explosions are apt to occur in lighting the lamp. 
Tior should the chimney be too narrow^ or the stopper fit air-tiglit on 
the mouth through which the spirit is poured in. A lamp should be 
selected that may be readily moved up and down the pillar of the stand, 
which most be ntted with a moveable brass ring to support dishes and 
flasks in processes of ebullition^ and a ring of moderately sUKNit iron wiie 
to support the triangle for holding the crucibles in the processes of 
ignition and fiision. Üf the various forma of lamps in use^ the one shown 

c2 
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in Uff. 14 is tbe moat suitable and ele|i;aiit Fig. 15 shows * trinngle of 
platiniim wire fixed within an iron wire rinfj ; üiiB serves to Hupport the 
cmcible in proceBses of ignitioa. Olus TesKls, mora pftrocularlj 





1^ 



Fig. 11. 



Fig. IS. 



beak«re, wliich it is iatended to heat over tlie lamp, are most conve- 
niently reeted on a piece of ^uze made of fine iron wire euch aa is 
nsed in mnkin^ eieves of medium finenesB. 

Of the many.'7(M-/(in);»proposed, Buxsen's, as showninita simplest 
form in fi^. 17 and 18, is the most convenient. a b ii& foot of cast 
iron measuring; 7 cm. in diamet«r. In the ceotre of this is fiied a aqnare 
brass box, c d, which Bhglitly tapers towards tbe top ; the sides of tbis 
box are 2^t mm. high, and lö mm. wide ; it bas a cylindrical cavity of 
. deep, and 10 mm. in diamet^r. Each side of the box has, i 



mm. from tbe i 



ipper 



m, a circiilar apertureofS mm. diameter, leading 



to the inner cavity. One of the aides has fitted into it, 1 mm. below 
the circular anerturo, a brnsa tube, whicb servee for the attachment of 
the India-mbuer supply tube. This brase tube is tumed in the ehape 
shown in fi^. 17 ; it bas a bore of 4 mm. Tbe gas conveyed into it 
re-issues from a tube in die centre of the cavity of tbe bor. Tbis tube, 
which is 4 mm. thick at the top, thicker at tue Iower end, projecta 3 
mm. above the rim of the box ; the gas isHues from a narrow opening 
which appeare formed of 3 radü of a circle, inclined to each other at an 
angle of 150°. Tbe leogtb of each radius is 1 mm, ; the opening of 
the elit is ^ mm. wide ; e / ia a braas tube 96 mm. long, open at both 
enda, with a bore of 9 mm. ; tbe screw at the Iower end of tbis tube 
fita into tbe upper pnrt of tbe cavity of the box. With this tube screwed 
in, the lamp is completed. On opening tbe stop-cock, the gas rusbes 
int4) tbe tube ef, where it mixea with tbe air Coming in through the 
circulnr apertnres. When this mixture is kindled at/, it burns witb a 
straight, upright, bluish flame, entirely free from soot, which may be 
reguTated at will by opening tbe Bt«p-cock more or less ; a parlial open- 
ing of tbe cock «umoes to gire a flame flUly answeiing tbe purpose of 
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Bpirit-Ismp ; whilrt witb tbe ftill stream ot gvs turned on, 
, whicb will now rise up to 2 decimetreB in height, affords a most 
eicellent mibutituta for the Benelins lamp. If the flame is made to 
bum very low, it will often occiir that it recedea; in other words, that 
iosiead of the mixture of ^ and air burninr at the mouth of the tube 
(/, tbe nis takes fire on issuine' from the slit, and bums below in tbe 
tube. Thia defect may be pertectly obviated bj covering the tube f t 
it the top witb a little wire ganze cap. Flasks, £c., whicb it is intended 




FiB- n. 



Fig. 18. 



to heat OTer the gaa-larop, are moBt conveniently supported on a ganze- 

plate. We give tbis name to a Square piece of thin iron plate to which a 

piece of wire ganze of e(|ual size is riveted, as ehown in fig. 19. <^6 ca^ 

also nse eimple wire ganze, but this rapidly bums 

throngh in the miadle, and doee not oder tbe 

same protection against the Cracking of beakers 

or flaalcs. If it is wisbed to use the gas-lamp 

fbr blowpipe operationa, tbe tube g A must be 

iniei'ted intoe^'; this tube terminatea in a flat- 

tened top slanting at an angle of 68° to the 

axia, and having an opening in it l cm. long, 

tnd 1^ toSmm. wide. The Insertion of^A into 

(/■erres to close up tbe air-holes in the box, and 

pnre rM, bttmingwith a luminous flame, iaauea Fig. le. 

acoordinglT now m>m the top of the tube. Fig. 

18 ihowB tne appvatua complete, fixed in tne fork of an iron stand ; 

tÜi ■rnngfiment ^rmits the Jamp being' moTedbacV'wuä.Ka^^'itv**^ 
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between the prongs of the fork, and np and down the pillar nf the stand. 
The moveable ring on the same pillar serves to support the objecte tu 
bc opersUd upon. The 6 radii round the tube oi the lamp aene to 
Bupport an iroD-plate chimnej^ (see &g. 23), or a porcelain plat« osed in 
quantitative anal^ees. 

To heat crnciblec to the brightest red heat, 
or to a white heat, the helloiot Nowpipe ia »• 
Borted to, But eren without this the action 
of the [ras-lamp niay be considerablj heipht- 
ened by heatin^ the crucible within a smatl 
clny furnace, ab recommended by 0. L. Erd- 
HANN. Piur. 20 ehow» the simple contrivance 
by which this is eftected. The fumaces are 
llö mm. high, and measure 70 mm. diameter 
in the clear. The thickness of material is 
H mm. If the ordinary Duneen bumer is not 
Bufficiently streng for nny purpose, the three- 
Bunsen burner (Jig. Sl)'may be nsed. 

BUNSEK hae devised a. more perfect fbnn 
of this lamp* to render the flame a more 
complete Substitute for the blowpipe flame, namely, foc reducing, 




Fig. 20. 





oxidiEing, fiising, and volatüimg, and for the Observation of the 
coIoratioQ of flame (5 17). This improved form of tlie lamp is 
. Phmin., III, SCTudlse. SCT. Alio ZtitiHa. t. mxiti. 
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tkown in üg, 22^ a is a sheath^ which can l>e turned round for reffu- 
hting' the flow of air. When in use the conical chimney dddd (fig. vSy 
i£ placed on ee^ it is of such dimensiond that the name may burn 
tranqnillj. Fig. 23 shows the iiame half its natural size. In this 
threeparts are at once apparent, namely, \. aaaa the dark cone, which 
eontains the cold gas mixed with about 62 per cent. of air, 2. aeab 
the mantle formed by the buming mixture of gas and air, *6. aha the 
luminoua tip of the dark cone, which does not appear unless the air- 
holes are somewhat closed. The latter is useiiil for reductions. 

Such are the three principal parts of the flame, but Bunsen distin- 
guishes no less than six parts, wliich he names as follows. 

1. The base at a, which has a relatively low temperature, because 
the buming' gas is here cooled by the constant current of iresLi air, and 
also because the lamp itself conducts the heat away. This part of the 
flame serves for discovering the colors produced by readily volatile 
bodies when less volatile bodies which color tiie flame are also present. 
At the relatively low temperature of this part of the flame tlie former 
volatUize alone instantaneously, and the resulting color imparted to the 
flame is for a moment visible unmixed with other colors. 

2. Thefusmg scne. This lies at ß, at a distance from the bottom of 
^mewhat more than one-third of the height of the flame, equidistant 
irom the outside and the inside of the mantle, which is broadest at this 
part. This is the hottest part of the flame, namely, about 2300°. and it 
therefore serves for testing substances as to their ftisibility, volatility, 
emission of light, and for all processes of fiision at a high temperature. 

3. The Unver oxidizing zane lies in the outer border of the fusing zone 
at y, and is especially suitable for the oxidation of oxides dissolved in 
vitreous fluxes. 

4. The Upper oxidizing J!ame at e consists of the non-luminous tip of 
the flame. Its action is strongest when the air-holes of the lamp are 
folly open. It is used for the roasting away of volatile products of 
oxidation, and generally for all processes of oxidation where the very 
highest temperature is not required. 

o. The Unver redueing zone lies at l in the inner border of the fusing 
zone next to the dark cone. The redueing gases are here mixed witn 
oxygen, and therefore do not possess their mll power, hence they are 
without action on many substances which are deoxidized in the upper 
redueing flame. This part of the flame is especially suited for reduction 
on charcoal or in vitreous fluxes. 

6. The %tpper redadng ßame lies at r\ in the luminous tip of the dark 
inner cone, which, as I have already explained, mar be produced by 
diminishing the supply of air. This part of the flame must not be 
allowed to get large enough to blacken a test-tube fllled with water 
and held in it. It eontains no firee oxygen, is rieh in separaced inean- 
desoent carbon^ and therefore has a much stronger action than r.he lower 
redueing zone. It is used more particularly for the reduction o< metals 
coUected in the form of incrustations. 

With the help of a gas flame of this description we can obtain as 
high a temperature as with the blowpipe^ and even hisrher if the 
nuliatiug sur&ce of the substance is made as small as possible ; aud by 
the aae of the difierent parts of the flame processes of reduction and of 
oxidation may be carried out with the greatest convenience. 

Inatderto fstxidy the deportment ofbodiesata Ai^^ teffi|>erature,Ti«aiä.^) 
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tlMrir eniMioB of liebt, fBabflitr, YobtilitT asd power of eoloring 
iftEoe, tfafrj «re introOiieed into i£e flame im tlie loop et a plmtiniim 
wire. whieh shonld be bwelT thicker thaa a hone hiör. Sboald the 
ioliftmnce fttuck pktinimt, m Httle bandle of «sbestos is naed, which 
•faoiild be ftboot one-foorth the thirkne» at a match. Decrepitaliiig: 
fiibflftaDeef are fint renr finelj powdered, then plaoed on a strip of 
mw^UfUf^ filter-paper aliout a sqoare eentimetre in snrfiioe, and Uns is 
eftaticmslj burnt between two rings of fine platinvm wire. The sab- 
itdoce now presenu the appearanoe of a conerent ernst and may be 

held in the flame withont dÜ&coltj. For 
testin^ floids to see whether they contain 
a snbstance which colors flame, the 
round loop of the fine plalinnm wire 10 
flattened on an anvil to the form of a. 
small ring. This is dipped into the fluid, 
and then withdrawn, when a irm will be 
found attached to the ring. Tnis drup 
is held near the flame and allowed to 
evaporate without boiling, after which 
the residue maj be convenientlj tested. 

If bodies are to be exposed for a eon- 
siderable time to the action of 
the flame, the stand, flg. 24, is 
used. A and B are provided 
with Springs, and can be easily 
moved up and down. On ^i is 
the arm a iutended for the Sup- 
port of tbe pl^tinum wire fixed 
in a glass tube (flg. 2ö); also 
another little arrangement to 
hold the glass tube b with its 
bündle of asbestos fibres d, B 
bears a clip for the reception 
of a test tube, which in certain 
cases Las to be heated for a 
considerable time in a definite Y\J.%^. 
part of the flame. ^serves to 
uold the various platinum wires fixed in 
glass tubes. 

Experiments of reduction are performed 
either with the aid of a suitable reducing 
aj^^ent in a small glass tube, or with the 
aid of a little stick of charcoal. In order 
to prepare the latter, Bünsen recom- 
Ynends to hold an uneffloresced crystal 
iif oiirboimto of sodu nenr the flame, and then having taken off 
tlio himd of a inut(»h to sraenr three-fourths of its length with the 
wot iiiumi produotHl by warming the crystal. The match is then slowly 
rotutod on iti xis in the flame, when a crust of solid carbonate 
o( suda will fonti on the carbonissed wood, and on heating in the 
l'uMiiig Mono of tlio flame this crust will be melted and absorbed by the 
chiu'coul. The little stick of charcoal will now in a measure be pro* 
teoted irom combustion. The substance to be tested is made into a 
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ptste, with a drop of melted ciystallized carbonBta of soda, and a mass 
iboDt the nie of a millet-Beed i§ taken up oa the poist of the carbouized 
mitch, it U then first melted in the lower ozidizing flame, and after- 
wtrdfl moved through a portion of the dark coae into the opposit« 
botteet part of the lower reduciui? zobe. The reduction will be rendered 
eTident bj the efferreiceiice of the carbonate of soda. Afier a iew 
Dtome&tB the action is stopped br allowing; the substance to cool in the 
dtrk cone of tfae flame. Ii, finallr, the poist of the carbonized match 
ia ent off and tritorated with a few dropa of water in a sinall asate 
mortar, the rednced metal will be obtained in the form of sparklin^ 
&i^;meiit8 which may be porified by elutriation, and if necesaary more 
nünntelT examined. 

Volatile Clements which are reducible bj hydromn and carbon maj 
be separated aa such or aa oxidea from their comuinadons and depo- 
lited on porcelain. These deposits are calied iiieruttatümt, they are 
thicker in the middle, and become thin towards the edges. They may 
be converted into iodideH, aulphides, and other combinationg, and may 
thna be fiirther identified. These reactions are bo delicate that in many 
cases a qnanti^ of from i'if to 1 mgrm. is sufficient to eshibit them. 

7V atetaüie inonutatwit ia obtained by holding in one band a small 
portion of the anbatance on aabestos in the upper reducing flame, and 
in the other band a ^laaed porcelain dish, from 1 to 1 - decimetres 
in diameter, filled with water, cloee over the asbeatoa in the upper re- 
ductnff' tlame. The metala separate aa aooty or mirror-like incrustations. 

Ifthe snbstance ia held aa just directed, and the porcelain dish is 
held in the upper oxidizing tlame then an iacrustation of oxide is obtained. 
In Order to oe eure of getting it, the flame muat be comparatively 
■mall if the portion of substance ia 
minute. To tum tbe incrustation of 
oxide into an iitentHalion qf iodide, let 
the dish covered with the oxide cool, 
lireathe on it, and place it on the wide- 
mouthed bottle, flg. 2Q. Thia bottle 
containa iodide of phosphorus, which 
has been allowed to deliquesce and be- 
come conrerted into tuming: hydriodlc 
add and phosphorouB acid, it abonld have Fig. 26. 

■n air-tight kWis stopper. If the hydri- 

odic acid has tecome so moist that it Las ceased to fiime it may be restored 
to it« proper condition by the addidon of anhydruus phosphoric acid. 
To turn the incrustation of iodide into an iaenutation of tutphide, direct a 
enrrent of air containinv aulphide of ammonium upon it, breathing 
npon tbe diah occasionuly, tnen drive off the excess of sulphide of 
ammonium by gentle warming. 

If more considerable qnantitiea of the metallic incrustation are re- 
qoired fbr further experiments, the porcelain dish ia replaced by a t«Bt- 
tabe half tilled with water {D, fig. 24), in which a few pieces of marble 
ehonld be placed tu prevent bumping when the water ia aubset^uenüy 
boiled. In thia caae the asbeatoa (d) with the substance on it ia txed at 
the aama faei^htas the middle of the upper redncing flame, the t«Bt-tube 
i> fixad with ita bottom just over tfae aabeatoa aa shown in the figure, 
and tbMi tbe lamp ia mored just nnder the teat-tube. The aubstance 
thni efnneavithin the reducin^ flame 8sd the metalUc mfinulB^mt.foima 
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nn the bottom of the test-tube. The incmstation maj be obtaiined as 
thiek as in wished by renewal of the substance. 

§ 17. 

|lö. Observation of the Coloration of Flame akd 

Spectrum Analysis. 

Many »ubstances have the proper ty of coloring a colorlesa flameia 
a very romarkable manner. As most of these subetancea impart i 
clifferont and diMtinct, and accordingly characteristic^ dnt to the flame, 
the obHorvation of this eolorization of flame affords an excellent, eujf 
und safe moans of detecting many of these bodies. Thua, fbr initaioi, 
müts of soda impart to flame a yellow, salts of potassa a violet, aalti of 
hUiia a carmiue tint, and may thus be easily distinguished from eaeü 
other. 

The flame of Bunsen's gas-lamp, with chimney, deacribed in S l^i 

and shown in fig. 22. is more par- 
ticularly suited tbr ooservations of 
the kind. The substancea to be 
ezamined are put on the small 
loop of a fine platinum wire, and 
thuSy by means of the holder 
shown m fig. 24^ or the more 
simple onO; hg. 2?, placed in the 
fusing Zone of the gaa-flame. A 
particularly striking coloration is 
imparted to the flame by the salts 
of tlie alkaliea and alkaline earths. 
If diflerent salts of one and the 
same base are compared in this 
way, it is found that every one of 
them, if at all volatile at high tem- 
peratures, or permitting at least 
the volatilization of the base^ im- 
parts the same color to the flame, 
üuly with diflerent degrees of in- 
tensity, the most volatile of the 
salts producing also the most in- 
tense coloration; thus, for in- 
stance, chloride of potassium givea 
a more intense coloration than 
carbonate of potassa, and this 

Fiff 27 MLL^^^M l<^tter again a more intense one 

MMiT^d^^F ^j^yjj Silicate of potassa. In the 

case of difficultiy volatile com- 
]K)unds, the coloration of the flame 
may often be brous^ht about, or made more apparent, by adding some 
other body which has the power of decomposing the compoundunder 
examin'ation. Thus, for instance, in Silicates containing onty a few per- 
Cents of potassa, the latter body cannot be directly detected by colora- 
tion of flame \ but this detection may be accomplished by adding a little 
pure gypsum, as this will cause formation of Silicate of lime and sul- 
phate of potassa, a aalt which is sufficiendy volatile. 
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Bot howeT«r decüiTe a trat tbe mere colonition of fiame aiBordt for • 
tbe detecdon of certain metaJlic componiidB, when preeeot nnmiied 
"itb others, this teet becomes anparently <)uite uselees in üie caae of 
mixtures of componnds of Bevenil metnls. Thus, for ioBtaiice, mixtures 
of gälte of potassa and soda sbow only the Roda flame, mixtures of bbIu 
of barvta aod stroatia only the baryta flame, &c. This defect may be 
remecüed, however, in two ways, witb the mögt aurprieing succeaa, 
fioth ways have only recently been diKovered. 

The Jtrtt n>ay introdaced by Cartmeli.,* and perfected afterwardi 
by BuKSKNf and by Merz,! consista in looking at the colored flame 
torou^h some colored medium (colored glaswB, indigo Solution, &c.). 
Such colored media, in eJ&cing the flame coloration of the one metal, 
bring out that of the other metal mixed nith it. For iastance, if a 
nixtsre of a salt of potassa and a salt of soda is ezposed to tbe flame, 
tfae Utter will only ebow tbe yellow soda coloration ; but if tbe flame 
be now looked at uirongb a deep<blue cobalt glaes, or througb Solution 
of indigo, tbe yellow soda coloration will disappear and will be replaced 
br tbe riolet potassa tint. A simple apparatus snffices for all obserTB- 
tTons aikd experiments of tbe kind; all that ia required for the purpose 
being, — 

1. A bollow prism (flg. 26^ composed of mirror plates, tbe cbief 
tection of wbicb form« a triangle witb two stdes of 15U mm., and one 




nde of 85 mm. lenf^th. Tbe Indigo aolution required to All Ibis nrism 
is prepared by dissolring 1 part of indigo in 8 parte of fiiming eulpnuric 
acid, adding to tiie Solution 1600-3000 parts of water, and flltering. 
When nsing tbis apparatns, tbe prism is moved in a horizontal direction 
close before the eye* in snch a war that tbe rays of tbe flnme are made to 
penetrate snccesnvely tfaicker and tbicker layers of the efläcing medium. 
S. A blue, a violet, a red, and a green glass. The blne glaas is 
tioted witb protoxide of cobalt: the violet glasa witb sesquioxide of 
Üie red glass (partly coUred, partly uncolored) with sub- 



le red gJ „ , 
Oxide of copper ; and tbe greea glass with sesquioside of iron and 
protoxide ot copper. Tbe common colored glaaa will generally be found 
to aaswer tbe purpose. As regards the tints imnarted tu tlie flame by 
tbe different bodies, when viewed througb the aioresaid media, and tbe 
combinatioas, by wbich tbeae bodies are severally identifipd, the 
infonnatioii required will be found in Section III., in tbe paragrapUs 
treatiiig of tbe sereral bases and acids. 

Tbe aeeimd Kog, which is called Speetrum Änalyn», was iotroduced by 
KiBCHROFF and Bitnbbn. It consista in letting the rays of tbe colored 
Same pu> first througb a narrow alit, then througb a priem, and ob- 
serring the to refracted rays througb a teleacope. A diatinct spectrum 
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in thuii obtained for everj flBme-caloring metal : Uin s^ 
«itlinr, as in the case of bary ta, of a number of colored Uhm Wing Bd» 
by «iile ; or, as in the case of lithia, of two aepant«, difierentlj-colond 
lini'N ; or, aa in the caae of thallinin, of a magio gnem line. Tbese 
■jii'utra arc characteristic in a double sense — rii., the apectnun linet 
liuvn a (ÜHtinct color, and they occnpj also s fized poaitioii. 

It iH tbii latter circuraatance nhich enables oe to identifj without 
(liffimilty, in tb(* gpectrum obaervation of mixtnres of flame-coloiin^ 
UintaU, every individiial metal. Thus, fbr instance, a iame in which % 
niixturo of potaiiw, iiüda,8nd lichiasalts is eTaporatÄd, will giTe, aiileby 
«idn, tlio i>{)ectra of titc teveral metale in the most perfect pority. 

KtHCKiioFF and BuNBsif have couBtructed two Unda of ^ipvatiu, 
wliirli aro bcitb of thein suited for spectrum obeerration, and enablfl the 
o[H<rBtor to detnrmine by measure tne poHitions in which the apectnim 
liiiUH uiako thnir appearance. Both are constructAd apon the Mune 
|irinniplu. A (lewnjition, with Illustration, of the larget of the two, 
whii'li iit alHO the raoat perfect one, haa been publiahed in FoaoBR- 
»iihkk'h Annnim, llS, 374, and in the ZeiUiArift für AMlytü^ Okemit, 
lK(i:i, 4i). The Hnialler, more simple, and accordin^Iy cheaper appsratiu, 
wbirb KuiliuoH fnr tili common purposes, and is UBed most in cnemical 
lulioruturiui, wo will dcsoribo here. It is sbown in fig^. 21f a. 




Fig. 29 a. 

A ia an iron diek, in the centre of which a prism, with circular re- 
fracting lacea of about 26 mm. diameter, is iästentid bj a bow, which 
preew-B upon the upper läce of the prism, and is secured below to the 
iron plat« by a Bcrew. The same difik haa also firmly iäeteoed to it the 
three tubes B, C, and D. Each of these tubes is Boldered to a metal 
block, of which fig. SU b girea an enlarged repeeentation. Thb block 
contains the nuts ibr two Bcrewg, which pase throngh wider openings in 
the iron plnte, and are firmly aecnred beneatfa when the tube haa been 
adjusted in the proper position. £ is the Observation telescope ; it hos 
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k ma^fyin^ power of abont 6, with an obiect-rlase of 30 mm. diKineter. 
Tbe tube Ca closed st one end by b tin-foil oisk, iato which tbe per- 
pendünilar ilit is cot throngh wbich tbe ligbt is admitted.* Tbe tnbe 
ßauTK» a pbotograpbie copy of a mi)liinetre-icale, produc«d in tbe 
mnera obscnra on & ^law plate of about one-fifteentb tbe original 
(limenBion& Tbis scale is corered with tin-foil, witb tlie exception ot 
thfl narrow strip npon wbicfa tbe diTieional linea and the nombera an 
ugraved. It ia ligbted by a gaa or caodle-flame placed close behind it. 

Tbe azea of tbe tabea B and D are directed, at tbe aame inclinetion, 
to tbe centre of one &ee of tbe prism, wbilst tbe axis of tbe tube C ii 
directed to the centre of tbe otber f&ce. Thia arranf^enient m8ke§ tbe 
ipeetra prodnced by tbe refractian of tbe colored light pasaing throupli 
C, utd the imaige of the snle in D prodnced by total reflection appear 
in otw and tbe aame spot, so that tbe positionR occnpied by tbe Bpectmin 
linea ma^r be read off on tbe acale. The priam is placed in about tliat 
poeitioa in wbicb tbere ia a minimnm diverscnce of the raya of tbe 
Kdinm line; and tbe telescope ii eet in that direction in wbicb the red 
■nd the violet potaaaium linea are abont eqnidiatant from tbe middle of 
tb« field of riew, 

The colorleas flame into wbich the flame-coloring bodiea are to be in- 
trodnced, ie placed 10 cm. from 
tbe elit. Bdhbbh'8 l&mp, ihown 
in fi^. 22, givea the best flame. 
Tfaelamp ia adjuBtedm aa to place 
the npper border of the chimney 
abont 50 mm, below the lower 
eod of die slit When this lamp 
has been lighted, and a bead ot 
nibstance— aay of snlphate ot 
potassa — intrödnced into the 
Insin^ zune by means of tlie 
holder ahown in fig. 27, tbe 
iron diak of tbe apectrum appa- 
tatna, wbich, with iill it cames, 
is moveable roand ita verticai 
axis, is tnmed nntil tbe point ie 
reacbed wbere tbe Inminoaity of 
Iheiipecbnmi iatbe most intenae. 

To cnt off fbreign ligbt in 
all Bpectmm obserrations, tbe 
centre part of tbe apparatna ie 
coverea witb a black clotb or 
eard-board box. 

Rbxroth's BpectroBcope, 

. 30, may be eaiely recom- 
1 aa oaefiil and econo- 
mical-t It is very different in _^. _.. 

iti arrangcment from the appa* 

ntna jnat described. ftfr ib a rylinder fiied onto the faeavy disk a, 
■ad cloeely ooTered by e. d e is a telescope, and 1 1 a bent tube, 

* nia mnaaganant ii not nrj itrong. For kbontoriM k mora lolid iii«t«rwl 
■^ M Vnm «nU Im nach b«tt«r thui tin-fUl. 

t SeifebrUt f. anaL Cban., S, HZ. ■ 
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wkich are fastened to c ; t / is so drawn that its internal construction 
may be plainly exhibited, / is a moveable slit, A is a reflecting prism, 
and m is a lens. The rays coming through the slit are made parallel 
by m, and then reflected from the mirror g onto the flint-glass prism/, 
by which they are reiracted up the telescope. By means of the screw A 
it is possible to move g round a horizontal axis, and dius to brins: the 
different points of the spectrum one after the other into the midole of 
the field of view. Opposite that side of/firom which the rays leave the 
prism, is a side tube, o^ containing the photographed scale and n being 
a lens by which the rays coming firom o are made parallel; the rays 
are thus refiected from the upper face of the prism mto the telescope, 
and become visible simultaneously with the spectrum. The scale is 
fixed, and being lighted by a small oil-lamp or a gas üame^ is equally 
visible throughout the whole üeld of view. The sodium line is set by 
means of A, so tliat in the case of lines which are remote from each other, 
as for instance the blue potassium lines, we are enabled to read off their 
positions very conveniently on the scale, by moving the sodium line 
^0 divisions towards the lert, and thus bringing the lines to be measured 
more into the niiddle of the field of view. Under these circumstances 
wo should have to add 20 to the number read off, and on the other band, 
if tho sodium line were moyed 20 divisions towards the right, in order 
to bring a red line more into the middle, 20 would have to be subtracted 
from the number read off. 

Tlie 8]H>ctra nroduced by the alkalies, the alkaline earths, thallium 
and indium are siiown in the picture at the commencement of the book. 
The solar spectrum has been udded simply as a guide to the position 
and bcaringB of tho lines. The spectra are represented as they appear 
in the appuratus furnished with an astronomic telescope. In the third 
section, in the chapters treating of the several bodies, attention will be 
oallod to the lines which are most characteristic for each metal. Here 
I will simply State the manner in which the highest degree of certain^ 
is imparted to spectrum analysis. This is done by exposing the bneads 
of the pure and unmixed metallic Compounds to the flame, and marking 
on copied scales the position which the most striking spectrum lines 
occupy on the scale ot the apparatus, in the manner snown, by way of 
illustration, in fig. 2 of the picture, with regard to the Strontium spectrum. 
It is self-evideut that the spectrum of an unknown substance can only 
])Rss for the Strontium spectrum, if the characteristic lines not only agree 
with those of the latter in point of color, but appear also in exactly the 
same position where they are marked on the Strontium scale. 

Tue drawings of sucli scales every Operator must, of course, make 
for bis own apparatus ; and they become useless for the intended pur- 
pose if any alteration is made in the position of the prism or the scale. 
it is therefore always advisable to set the apparatus so that it can be 
easily readjusted rx) its original position, wuich is most readily done 
by making the left border of the sodium line coincide with the number 
50 of the Scale. 

With the introduction of spectrum analysis a new era has, in many 
respects, beg^n for chemical analysis, as by means of this discovery we 
can detect such minute quantities of bodies as by no other method. 
Spectrum analysis is marked moreover by a certamty above all doubt, 
and gives results in a few seconds, w\uc1i couVd iotm^tV^ \^ oX^x^isAd 
on/jr^ if at all, in honrs or days. 
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Ab manj students of chemical analyaiB mjfht find eome difficulty in 
the wlectioQ of the proper apparatus, I append here a list of tbe articles 
wluch are actuallj required for the performaace of simple experimeate 
' r with inatructioDH to guide the Student in 
f them. 
r Lamp 16, % 14). 
. A Gi-Ass SpiHiT Lamp (^ 16, tig. 10). Or, instead of these two, 
wbere coal-<^ is procurahle, a Bunbbn's Gaa-lamp, best one with 
chimney (§ 16, figs. 17, 18, and 33). 

5. A BLowpiPE (see ^ 15). 

4. A PLATiNUH C8UCIBLE. Selcct B crnciWe whicli will contain 
■boat ft qoarter of tn ouace of water, with a cover sliaped like a ahal- 
low dish ; it must not be too deep in proportion t« its breadtb. 

6. Platinuh poil, as smootU and clean aa poasible, and not very 
thin : length about 40 mm. ; width about 2ö mm. 

6. Platinuh wirb (see p. 18 and 34). Three stroni^er wires and 
three finer wires are amplj sufficient. They are kept most conveniently 
in ft ^«88 filled with water, most of the beads being diesolved by tbat 
fluid wbea left in contact with it for some time ; the wires mav tlius be 
kept slwaya clean. 

7. A STAND WITH TivBLVB TEST TUBBs — 16 to 18 cm. is about the 
IKuper l^igtfa of tbe 
tnbea, from 1 to 3 cm. tbe 
proper width. The tubea 
mnst be made of thin 
white glass, and so well 
anaealJed that they do . 
not crack even thougb I 
boiling water be poured I 
into tnem. Tbe rim must [ 
be quite round, and | 
•lighUy tumed over; it 
ooght not to have a lip, 
BS thia ia oseleas and 
■imply preventa the tube 
being closely stopped 
with the finger, and also 
■t'nVipg the content«. 
Um stand shown in 
fig. 31 will be found most suitAble. Tbe pegs on the upper shelf serve 
fm the clean tubee, whicb may thus be well drained. 

8. Sbveral bbakbbs akd bmall flasks of thin, well annealed 

9. SeTBBAL PORCELAIK EVAPORATINO DIBHBS, and A VARtBTY 
OP SVALL POBCBLAIir CRDCIBLE8. TilOBB of tbe TOJ&L m&QuWxn.t« 

of Berlin are nnexceptioDable, boüi in sbape and duT&bVl^tT. Ifi.^'A^'&'a. 
äadJfytapäeabBrg-poivekm wül also answer the put^iow. 




Flg. 81. 



32 REAGENT8. [§ 1». 

» 

10. Several OLA88 FUNNEL8 of various 81*68. Thej mTi8t be 
inclined at an angle of 60""^ and merge into the neck at a definite 
angle. 

11. A WA8HINO BOTTLE of a capacitj of from 800 to 400c.c. (see § 7). 

12. Several aLA88 rod8 and qlass tube8. The latter are bent, 
drawn out, &c, over a Berzelius lamp or gas-lamp ; the fonner are 
rounded at the ends by fnsion. 

13. A selecüon of WATCH-aLA88E8. 

14. A small aqate mortar. 

15. A pair of small steel or bra88 pincer8, about four or five 
inches long. 

16. A WOODEN FILTER 8TAND (see § Ö). 

17. A TRiPOD of thin iron, to support the dishes, ifec, which it is 
intended to heat over the small spirit or gas lamp. 

18. The Colored Glasses described in § 17, especially blue and green. 



SECTION IL 

REAGENTS. 

§ 19. 

A VARiETY of phenomena maj manifest themselres upon the decom* 
Position or combination of bodies. In some cases liquias change their 
color, in others precipitates are formed ; sometimes effervescence takes 
place, and sometimes deflagration, &c. Now if these phenomena are 
very striking, and attend omy upon the action of two definite bodies 
upon one another, it is obvious that the presence of one of these bodies 
may be detected by means of the other : if we know, for instance, that 
a white precipitate of certain definite properties is formed upon mixing 
baryta with sulphuric acid, it is clear tnat, if upon adding baryta to any 
liquid, we obtain a precipitate exhibiting these properties, we may con- 
clude that this liquid contains sulphuric acid. 

Those substances which indicate the presence of others by any 
striking phenomena are called reagents, 

According to the difierent objects attained by the application of these 
bodies, we make a distinction between general and special reagents. By 
general reagents we understand those which serve to determine the class 
or group to which a substance belongs ; and by special reagents those 
which serve to detect bodies individually. That the line between the 
two divisions cannot be drawn with any degree of precision, and that 
one and the same substance is often made to serve bom as a eeneral and 
a special reagent, cannot well be held a valid objection to tbis Classifi- 
cation, which is in fact simply intended to induce a habit of employing 
reagents always for a settled purpose — viz., eiüier simply to find out the 
prroup to which the substance belongs, or to determine the latter in- 
dividmally. 

Now whilst the usefiilness of general reagents depends principally 
upon their efficiency in strictly characterizing groups of oodies^ and often 
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effecting a complete Separation of the bodies belonging to one group frora 
those belongring to another, that of special reagents depends upon their 
being" characteristic and sensitive. We call a reagent charaettristicy if 
the alteration produced by it, in the event of the body tested for being 
present, is so aistinctlj marked as to admit of no mistake. Thus iron is 
a characteristic reagent for copper, protochloride of tin for mercury, 
becaose the phenomena produced by tnese reagents — viz., the Separation 
of metallic copper and of globales of mercury — admit of no mistake. 
We call a reagent sensitive or delicate, if its action is distinctly percep- 
tible, even tbough a very minute quantity only of the substance tested 
for be present ; such is, for instance, the action of starch upon iodine. 

Very many reagents are both characteristic and delicate ; thus, for 
instance, terchloride of gold for protoxide of tin ; ferrocyanide of potas- 
eiam for sesquioxide of iron and oxide of copper, &c. 

I need hardly mention that, as a general rule, reagents must be che- 
mically pure — i.e., they must consist purely and simply of their essential 
constituents, and must contain no admixture of foreign substances. We 
must therefore make it an invariable rule to test the purity of our re- 
agents before we use thera, no matter whether they be articles of our 
own production or purchased. Although the necessity of this is fully 
admitted on all hanos, yet we find that m practice it is too often neg- 
lected ; thus it is by no means uncommon to see alumina entered among 
the substances detected in an analysis, simply because the Solution of 
potassa used as one of the reaj2:ents happened to contain that earth ; or 
iron, because the chloride of ammonium used was not free from that 
metal. The directions given in this section for testing the purity of the 
several reagents refer, of course, only to the presence of foreign matter 
resulting from the mode of their preparation, and not to mere accidental 
admixtures. 

One of the most common sources of error in qualitative analysis pro- 
ceeds from missing the proper measure — the right quantity — in the 
application of reagents. Such terms as '^ addition in excess, '^ super- 
satiiration," ifec, often induce novices to suppose that they cannot add 
too much of the reagent, and thus some will fill a test tube with acid, 
simply to supersaturate a few drops of an alkaline fluid, whereas every 
drop of acid added, after the neutralization point has once been reached, 
is to be looked upon as an excess of acid. On the otlier band, the addi- 
tion of an insuflicient amount is to be equally avoided, since a reagent 
added in insufficient quantity often produces phenomena quite diflerent 
firom those which will appear if the same reagent be added in excess : 
*^., a Solution of chloride of mercury yields a white precipitate if tested 
with a small quantity of hydrosulphuric acid ; but if treated with the 
same reagent in excess, the precipitate is black. Experience has, how- 
ever, proved that the most common mistake beginners make, is to add 
die reagents too copiously. One reason why this over-addition must 
impair the accuracy of the results is obvious ; we need simply bear in 
mind that the changes effected by reagents are perceptible within cer- 
tain limits only, and that therefore they may be the more readily over- 
looked the nearer we approach these limits by diluting the fluid. 
Another reason is in the fact that a large excess of a reagent will often 
have a solvent or modifyin^ action upon a precipitate ot coVot, wv^l V-J^ 
^ntirelr/frerent the exnibition of phenomena wuicli a amls^Y^ vi^wÄX^ 
waald witbout dißSculty produce. 
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No special and definite rules can be given for avoidinsif tbis source of 
error ; a general rule may. however, be laid down, whicu will be found 
to answer tbe purpose, u not in all, at least in the great majority of 
cases. It is simply tbis : let the Student always reflect before the addi- 
tion of a reagent for wbat purpose he applies it, what are the pbenomena 
he intends to produce^ and what are the results of the addition of 
excess. 

We divide reagents into two classes, according to whether the State 
of fluidity wbicb is indispensable for tbe manifestation of the action' of 
reagents upon tbe various bodies, is brougbt about bj the application of 
heat, or by means of liquid solvents; we bave consequently, 1, UeagenU 
in the wet way ; and 2, Reagents in the dry way, For greater cleamess we 
subdivide these two principal classes as foUows : — 

A. REAGENTS IN THE WET WAY. 

I. Simple Solvents. 

II. AciDS and Halogens. 

a, Oxyjgen acids. 

b, Hy(&ogen acids and balogens. 

c, Sulpbur acids. 

III. Bases and Metals. 

a, Oxygen bases. 

b, Sulpnur bases. 

IV. Salts. 

a, Of tbe alkalies. 

b, Of the alkaline earths. 

c, Of tbe Oxides of the heavy metals. 

V. Colorino Matters and indifferent Vegetable Süb- 

stances. 

B. REAGENTS IN THE DRY WAY. 

I. Fluxes. 
II. Blowpipe Reagents. 

A. REAGENTS IN THE WET WAY. 

I. Simple Solvents. 

Simple solvents are fluids which do not enter into chemical combi- 
nation with the bodies dissolved in them ; they will accordingly dissolve 
any quantity of matter up to a certain limit^ which is called the point 
of Saturation^ and is in a measure dependent upon the temperature of 
tbe solvent. The essential and cbaracteristic properties of the dis- 
solved substances (tastO; reaction^ color^ &c.) are not destroyed by the 
solvent. (See § 2.) 
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§ 20. 

1. Water (HO). 

Preparmtion, — ^Pore water is obtained by distilling spring water 
XHD a copper still with head and condenser made of pure tin, or firom 
glass retort ; which latter apparatus, howeyer, is less suitable for the 
arpose. The distillation is carried to about three-fourths of the 
nantity operated upon. If it is desired to have the distilled water 
erfectfy free from carbonic acid and carbonate of ammonia, the por- 
lons passing over first must be thrown awaj. In the larger chemical 
nd in most pharmaceutical laboratories, the distilled water required is 
btained from the steam apparatus which serves for drying, heating, 
oiling, &c. Rain water collected in the open air maj in manj cases 
e substituted for distilled water.* 

Tests. — It must be colorless, odorless and tasteless, and should not 
eave the smallest residue when evaporated in a platinum vessel. It 
hould not be changed by sulphide of ammonium (copper, lead, iron), nor 
endered turbid by baryta water (carbonic acid). No cloudiness should 
« caused even after long standing by the addition of Oxalate of 
mmonia (lime), of chloride of barium and hydrochloric acid (sulphuric 
icid), of nitrate of silver and nitric acid (chlorides), or of chloride of 
aercury and carbonate of soda (ammonia). 

üses, — We use waterf principally as a simple solvent for a great 
rariety of substances ; the most convenient way of using it is with the 
rashing bottle (see § ?, fig. 3), by which means a strenger or finer 
(tream may be obtained. It serves also to effect the conversion of 
leTeral neutral metallic salts (more particularly terchloride of antimony 
ind the salts of bismuth) into soluble acid and insoluble basic com- 
)ounds. 

§ 21. 
2. Alcohol (C,H,0,). 

Preparation, — ^Two sorts of alcohol are used in chemical analyses : viz., 
Ist, spirit of wine of '83 or -84 sp. gr. = 91 to 88 per cent. by volume 
Spiritus reetifioatus of the British rharmacopceia) ; and 2nd, absolute 
ilcohol. The latter may be prepared most conveniently by mixing, in 
i distilling vessel, 1 part of fused chloride of calcium with 2 parts of 
ectified spirit of wine of about 90 per cent. by volume, digesting the 
oixtore 2 or 3 days, until the chloride of calcium is dissolved, and 
ben distilling slowly and in fractional portions. So long as the distil- 
ite shows a specific gravity below -810 ( = 9Ö*6 per cent. by volume), 
i may pass for absolute alcohol. The portions Coming over after are 
eceivea in a separate vessel. 

Tests. — ^Pure alcohol must completely volatilize, and ought not to 
Bave the least smell of fiisel oil when rubbed between tne hands ; 
lor should it alter the color of meist blue or red litmus paper. When 
indled, it must bum with a faint bluish barely percepdble flame. 

* As renrds the preparmtioo ot ws^ abfolatelj free from oigNoiQ iDaAX«c, «o^ 
(TAa» 2mta3mnf, md»L Cbem. 6, 417. 

f In MomlfticmJ acpenaents we use ooij dütilled water ; wh«iivr«t« \^«Niot^ \3Ki^ 
m wattroornuaia tbe prment work, ditiiiled wator ia maanu 

d2 
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Uses, — Alcohol serves, {a) to effect the Separation of bodies soluble 
in tbis fluid from otbers wbicb do npt dissolve in it, e,g. of chloride of 
Strontium from chloride of barium ; (p) to precipitate fit)m aqneons 
Solutions many substances wbicb are insoluble in dilute alcohol, e,ff, 
gypsum, malate of Urne ; {c) to produce various kinds of ether, e.ff. aoetic 
ether, wbicb is characterized by its peculiar and agreeable smell ; (rf) 
to reduce, mostly with the co-operation of an acia, certain peroxides 
and metallic acids, e.g, binoxicfe of lead, chromic acid, &c. ; {e) to 
detect certain substances wbicb impart a characteristic tint to its flame, 
especiallj boracic acid^ strontia, potassa^ soda, and litbia. 

§ 22. 

8. Ether (C.H.O). 

4. Chloroform (C,HC1,). 

6. SuLPHiDE OF Carbon (CS,). 

These solvents find but limited application in the qualitative analysis 
of inors'anic bodies. They serve indeed almost exclusively to detect and 
isolate uromine and iodine. Chloroform and sulphide of carbon are 
preferable to ether in tbis respect. The latter is used for the detection 
of chromic acid by means of peroxide of hydrogen. These preparations 
are made much better on a large tban on a small scale^ and the best 
way therefore is to procure them by purchase. 

Tests, — Ether must bave a specific pravity of '71 3 at 20®, and re- 
quire 9 parts of water for Solution. The Solution must not alter the 
color of test papers. Ether must, even at the common temperature, 
rapidly and completely evaporate on a watcb-g-lass. Chloroform must 
be colorless and transparent and bave a specific gravity of 1*48. It 
must bave no acid reaction, nor impair the transparency of Solution of 
nitrate of silver. Mixod with 2 vols. of water, and shaken, its volume 
must not appear perceptibly diminished. It must even at the common 
temperature reaaily nnd completely evaporate on a watch-glass. Sul- 
phide of carbon should be colorless, readily and completely volatile even 
at the common temperature, and exercise no action upon carbonate of 
lead. 

II. AciDs AND Halogens. 

§ 23. 

The acids — at least those of more strong-ly pronounced cbaracter— 
are soluble in water. The Solutions taste acid and redden litmus paper. 
Acids are divided into oxygen acids, sulpbur acids, and hydrogen acids. 

The oxygen acids, produced generally by the combinaäon of a non- 
metallic element witti oxygen, combine with water in definite propor- 
tions to bydrated acids. It is with these hydrates that we bave usuall} 
to do in analytical processes ; they are contained in the aqueous solutioni 
of the acids, and are commonly designated by the simple name of tbe free 
acid, as the accession of water does not destroy their acid properties 
In the action of bydrated acids npon oxides of metals, the oxide takei 
tbe place of the water of hydration^ and «ji ox^^^ti %»2i\. \% ^«(^tmec 
(HO, SO, ^ KO = KO, SO, + HO). ^W\i^T^ lö^^^e «s^Xa wi \5bä^ 



§21] SÜLPHÜRIC ACID. 37 

dact of the combination of an acid with a strong base^ their reaction 
(supposing the combining acid also tu be a strong acid) is neutral : the 
alts fbrmed with weaker bases^ for instance with the oxide of a heavy 
metaly generallj show acid reaction^ but are nevertheless called neutral 
alts if the oxjgen of the base bears the same proportion to that of the 
add in which it is found in the distinctly neutral salts of the same acid, 
or^ in other terms, if it corresponds witn the Saturation capacity of the 
seid. Solphate of potassa (KO, SO,) has a neutral reaction, whilst the 
reaction ot sulphate of copper (Cu 0, SO, + öaq.) isacid; yet the latter 
is nevertheless called neutral sulphate of copper, because tue oxygen of 
the oxide of copper in it bears a proportion of 1 : 3 to that of the sul- 
phuric acid, which is the same proportion as the oxygen of the potassa 
bears to that of the sulphuric acid in the confessedly neutral sulphate 
of potassa. 

The hydrogen aeids are formed by the combination of the halogens 
with hydrogen. Most of these possess the characteristic properties of 
adds in a high degree. They neutralize oxygen bases, witn formation 
of haloid salts and water; HCl and NaO = NaCl and HO,— 3 HCl 
and Fe, O, «= Fe, Cl, and 3 H 0. The haloid salts produced by the 
action of powerfiil hydrogen acids upon strong bases have a neutral 
reaction ; whilst the Solutions of those haloid salts that have been 
produced by the action of powerfiil hydrogen acids upon weak bases 
(such as alumina and jsesquioxide of iron) haye an acid reaction. 

The sulphur aeids are more frequently the result of the combination of 
metallic than of non-metallic elements with sulphur ; they combine with 
salphur bases to sulphur salts; HS + KS = KS, HS— AsS + 3 NaS 
= 3 Na S^ AsS,. Ihe sulphur acids being weak acids^ the soluble 
salphur salts have all of them alkaline reaction. 

a. OxTOEN Acids. 

§24. 

1. Sulphuric Acid (HC, SO,). 
We use — 

K. Coneentrated sulphuric acid of comnieree, 
b. Coneentrated pure sulphuric acid. 

The foUowing methods may be recommended for preparing chemically 
pure sulphuric acid : 

a. Put 1000 grm. of ordinary coneentrated sulphuric acid in a 
porcelain dish, add 3 grm. of sulphate of ammonia, and heat tili 
copious fnmes of sulphuric acid begin to escape. This is done in order 
to destroy the oxides of nitrogen which are generally present in minute 
quantity. After cooling, add 4 or ö grm. of coarsely-powdered binoxide 
of manganese, and heat to boiling with stirring, in order to convert an}' 
arsenious acid into arsenic acid (ßLONDLOT). When cool pour off the 
clear fluid by means of a long funnel tube into a coated retort. The 
retort should not be more than half füll, and is to be heated directly 
over charcoal. To prevent bumping, it is advisable to rest the retort on 
an inverted cmcible cover, so tnat the sides may be more heated than 
the bottom. The neck of the retort must reach so fax m\A t\i^ i^m^^^ 
thst the acid distilling over drops directly into the \)ody. ^o eoQ\xkÄ 
receirer bjr meana of water ia unnecessary and eveu utta^^iowa. '^^ 
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prevent the receiver Coming into actual contact with the bot neck of the 
retort, some asbestos in large fibres is placed between thcm. Wben 
abont 10 or lögrm. bas been drawn over, change tbe receiver and distal 
off tbree-fourtbs of tbe contents of the retort. Tbis metbod depends on 
the faet diwjovered by Bussy and Buignet, tbat on distilling sulpburic 
acid whieb contains arsenic in tbe fonn of arsenic acid an arsenic-free 
distillate i» obtained. 

ß, Pour into 4 parte of water 1 part of concentrated sulpburic acid, 
and conduet into tbe mixture for some time a slow stream of bydrotfol- 
phuric acid, keeping tbe fluid beated to ?0^. Let tbe mixture stand at 
rest for several days, tben decant tbe clear supernatant fluid from the 
precipitate, wbicb consists of sulpbur, sulpbide of lead, perbaps also sul- 
pbide of arsenic, and beat tbe decanted fluid in a tubulated retort with 
obliquely upturned neck and open tubulature until sulpburic acid fumes 
oscape with tbe aqueous vapor. Tbe acid so purifled is fit for many 
purposes of cbemical analysis ; if it is wisbed, bowever, to free it also 
from non-volatile substances, it may be distilled from a coated retort as 
in a. As soon as tbe drops in tbe neck of tbe retort become oiiy, tbe 
receiver is changed, and tbe concentrated acid wbicb now passes over is 
kept in a separate vessel. 

e. Common dilute sulphurie acid, Tbis is prepared by adding to 5 parts 
of water in a leaden or porcelain disb gradually, and wbilst stirring, 
1 part of concentrated sulpburic acid. Tbe sulpfaate of lead wbicn 
separates is allowed to subside, and tbe clear fluid finally decanted. 

Tests. — Pure sulpburic acid must be colorless ; wben colorless Solu- 
tion of sulpbate of protoxide of iron is poured upon it in a test tube, no 
brown tint must mark tbe plane of contact of tbe two fluids ^nitrio acid, 
byponitric acid) ; wben diluted witb twenty parts of water it must not 
impart a blue tint to a Solution of iodide of potassium mixed witb starch 
poste (byponitric acid). Mixed witb pure zinc and water, it must yield 
hydrogen gas, wbicb, on being passed tbrougb a red-bot tube, must not 
deposit tbe sligbtest trace of arsenic. It must leave no residue upon 
evaporation on platinum, and must remain perfectly clear upon dilution 
with four or five parts of spirit of wine (oxide of lead, sesquioxide of 
iron, lime). Tbe presence of small quantities of lead is detected most 
easily by adding some bydrochloric acid to tbe sulpburic acid in a test 
tube. If tbe plane of contact is marked by turbidity (cbloride of lead), 
lead is present. Sulpburous acid is discovered by tbe odor after sbaking 
tbe acia in a balf-filled bottle. 

Uscs, — Sulpburic acid bas for most bases a greater affinity than 
almost any otber acid ; it is tberefore used principally for tbe lilleration 
and expulsion of otber acids, especially phosphoric, boracic, hydrocbloric, 
nitric, and acetic acids. Several substances wbicb cannot exist in an 
anbydrous State {e.g. oxalic acid), are decomposed wben brougbt into 
contact witb concentrated sulpburic acid ; tbis decomposition is bwing to 
tbe great affinity wbicb sulpburic acid possesses for water. Tbe nature 
of tbe decomposed body may in sucb cases be inferred from tbe liberated 
producta of decomposition. Sulpburic acid is also frequently used for 
the evolution of certain gases, more particularly of hydrogen and hydro- 
sulphuric acid. It serves also as a special reagent for tbe detection and 
precipitation of baryta, strontia, and lead. Wnat kind of sulpburic acid 
js to oe used^ wbetaer tbe pure acid or tbe otAihätj «ic\^ oi <i«iMxi^\<i^^ 
wbetber conoenttated or dilute^ dependa upou 'wIiäX t\L^ «ivcc\mi&x»5w»% 
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in esch case may recpire. It will, however, be found that the necessarj 
direetions on this pornt are generallj given in the present work. 

§ 25. 
2. NiTRic AciD (HO, NOJ. 

PreparoH^m. — a, Heat crude nitric acid of commerce, as free as pos- 
sible firom chlorine, and of a specific gravitj of at least l'dl,* in a glass 
retort to boiling, with addition of some nitrate of potassa ; let the dis- 
tfllate Txm into a receiver kept cool, and try from üme to time whether 
it still continues to precipitate or cloud Solution of nitrate of silver. 
As soon aa thia ceases to be the case, change the receiver, and distil until 
a trifling unantity only remains in the retort. Dilute the distillate with 
Rrater untü the specific gravity is 1'2. 

h. Dilate crude nitric acid of commerce of about 1*38 specific gravity 
rith two-fifths of its weight of water, and add Solution of nitrate of silver 
IS long as a precipitate of chloride of silver continues to form ; then « 
idd a further slight excess of Solution of nitrate of silver, let the precipi- 
«te subside, decant the perfectly clear supernatant acid into a retort or 
in alembic with ^ound head ; add some nitrate of potassa free irom 
ihlorine, and distil until only a small quantity remains, taking care to 
ittend to the proper cooling of the fumes distilling over. Dilute the 
listillate, if necessary, with water until it has a specific gravitv of 1*2. 

Tests, — ^Pure nitnc acid must be colorless and leave no residue upon 
ivaporation on platinum foil. Addition of Solution of nitrate of silver 
>r of nitarate of oaryta must not cause the slightest turbidity in it. It 
3 advisable to dilute the acid with water before adding these reagents, as 
)therwise nitrates will precipitate. Silver should be tested for by 
lydrochloric acid. 

üses, — Nitric acid serves as a chemical solvent for metals, oxides, 
rolDhides, oxygen salts, &c. With metals and sulphides of metals the 
iciafirst oxicu^s the metal present, at the expense of part of its own 
)XYgen, and then dissolves tue oxide to a nitrate. Most oxides are dis- 
K>Ived by nitrio acid at once as nitrates ; and so are also most of the 
insoluble salts with weaker acids, the latter being expelled in the process 
)j the nitric acid. Nitric acid dissolves also salts with soluble non- 
roktLle acids, as e^, phosphate of lime, with which it forms nitrate of 
lime and acid phosphate of lime. Nitric acid is used also as an oxidizing 
igent : for instance, to convert protoxide of iron into sesquioxide, prot- 
Dxide of tin into binoxide, &c. 

§ 26. 

3. AcETic Acid (HO, C,H,0, = HO,Ä). 

A highly concentrated acetic acid is not required in qualitative 
analyticai processes ; the aeidum aceticum of the British Pharmacopoßia^ 
which contains 33 per cent. of H 0, C^H,0„ and has a specific gravity 
of 1-044, fully answers the purpose. 

Tests. — Pure acetic acid must leave no residue upon eraporation, and 
— after aaturation with carbonate of soda — emit no empNTe\mv*dlve ^d^t. 
Ujdromdpbnrie acid, Solution ofnitrüte of silver, and aoVu\iotL oi tlv\x^\.^ 

♦ A we^er meid wiü oot anawer the parpoM. 
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of baiyta mnst not eolor or clood the dilvte meid, nor mnst snlphide of 
ammoniam after nemnlization of the «cid bv ammonia. Solntion of 
indi^ muft not lose hs eolor when heated with the aeid. Empjrett- 
matic matter is best deteeted by neutralixin^ the aeid with earbonate of 
soda, and adding permanganate of potash solntion. If the Solution loses 
its eolor and afterwards depodts a brown predpitate, empyreumatic 
matter is present. 

If the acid is not pure, add some aeetate of soda and redistil from a 
glass retort not quite to drrness : if it eontains snlphnrous acid (in which 
case hvdrosnlphnric acid will prodnce a white turbiditr in it), digest it 
first with some binoxide of lestd or finelv-polverized "binoxide of man- 
gane^, and then distil with aeetate of »xia. 

Uses. — Acetie aeid possesses a greater solvent power for some sub- 
stances than for others ; it is nsed therefore to distinguish the former 
from the latter ; thos it serves, for instance, to distingoish Oxalate of 
lime from ohosphate of lime. Acetie aeid is oceasionally used also to 
acidulate nuids where it is wished to avoid the employment of mineral 
acids. 

§ 27. 

4. Tartaric Acid (2 H0,C,H,0„ = 2H0,T). 

The tartaric acid of commerce is sufficientlv pure for the purposes of 
cbemical analjsis. It is kept best in powder, as its Solution suners de- 
composition aiter a time. For use it is dissolved in a little water with 
the aid of heat. 

Uses. — The addition of tartaric acid to Solutions of sesquioxide of 
iron, alumina^ and various other oxides of metals, prevents the usual 
precipitation of these metals bj an alkali; this non-precipitation is 
owing to the formation of double tartrates, which are not decomposed 
by alkalies. 

Tartaric acid may therefore be employed to effect the Separation of 
these metals from others the precipitation of which it does not prevent. 
Tartaric acid forms a difficultly soluble salt with potassa, but not so with 
soda ; it is therefore one of our best reagents to distinguish between the 
two alkalies. Bitartrate of soda answers this latter purpose still better 
than the free acid. This reagent is prepared by dissolving one of two 
equal portions of tartaric acid in water, neutralizing the Solution with 
earbonate of soda, then adding the other portion of the acid, and evapo- 
rating the Solution to the crystallization point. For use, 1 part of the 
Salt is dissolved in 10 parts of water. 

b. Hydrogen Acids and Halogens. 

§ 28. 

1. Hydrochloric Acid (HCl). 

Preparation. — Pour a cooled mixture of seven parts of concentrated 

sulphuric acid and two parts of water over four parts of chloride of sodium 

in a retort ; expose the retort, with slightly raised neck, to the heat of a 

sand-bath untit the evolution of gas ceases ; conduct the evolved gas, by 

zneans ofa bent tube, into a flask containing eix paittÄ o^n^^Xät, ^h^Xm^» 

care to keep thia vessel constantly cool. To Tptev^nX. tXi^ ^5^ ^twa. 
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r«cedmgthe tube ought onlj to dip about one line into the water of the 
&ak. When the Operation is terminated, try the specific gravity of the 
acid prodncedy and dilnte with water until it marks from l'll to 1*12. 
U jott wish to ensore the absolute purity of the acid, and its perfect 
freedom firom every trace of arsenic ancT chlorine, you must take care 
to free the sulphuric acid intended to be used in the process from arsenic 
and the oxygen Compounds of nitrogen, according to tue directions of § 24. 
A pure acta may also be prepared cheaply from the crude hydrochloric 
tcid of commerce by dilutinfi^ the latter to a specific gravity of 1*12, and 
distilling the fluide with adoition of some chioride of sodium. Or you 
may put the acid into the retort in the concentrated form, placing 60 
parts of water into the receiver for every 100 parts of concentrated acid, 
ao J not luting the receiver to the retort. If the crude acid contains 
clilorine this should be removed first by cautious addition of Solution of 
üdphurous acid, before proceeding to the distillation ; if, on the other 
hand, it contains sulphurous acid, this is removed in the same way by 
cautious addition of some chlorine water. Hydrochloric acid not unfre- 
quently contains chioride of arsenic, owing to the presence of arsenic in 
the sulphuric acid employed. To free it n*om this impurity, the acid is 
mixed %vith twice its volume of water, hydrosulphuric acid is conducted 
into it, the mixture allowed to stand at restfor some time, the clear fluid 
then decanted from the sulphur and sulphide of arsenic, and heated, to 
expel the sulphuretted hydrogen. 

Tests. — Hydrochloric acia must be perfectly colorless and leave no 
residue upon evaporation. If it turns yellow on evaporution, sesqui- 
chloride of iron is present. It must not impart a blue tint to a Solution 
of iodide of potassium mixed with starch paste (chlorine or sesquichloride 
of iron), nor discolor a fluid made faintly blue with iodide of starch 
(sulphurous acid). Chloride of barium ought not to produce a preci- 
pitate in the highly diluted acid (sulphuric acid). Hydrosulphuric 
acid must leave the diluted acid unaltered (arsenic). After neutraliza- 
tion witli ammonia, sulphide of ammonium must produce no change in 
it (iron, thallium). 

üses. — Hycfrochloric acid serves as a solvent for a great many sub« 
itances. It dissolves many metals and sulphides of metals as chlorides, 
with evolution of hydrogen or of hydrosulphuric acid. It dissolves oxides 
and Superoxides in the form of chlorides, in the latter case mostly with 
liberation of chlorine. Salts with insoluble or volatile acids are also 
converted by hydrochloric acid into chlorides, with Separation of the 
original acia ; thus carbonate of lime is converted into chioride of calcium, 
widi liberation of carbonic acid. Hydrochloric acid dissolves salts with 
Qon-volatile and soluble acids apparently without decomposing them 
(e^. phosphate of lime) ; but the tiact is that in cases ot this kind a 
metallic cnloride and a soluble acid sah of the acid of the dissolved 
Compound are formed ; thus, for instance, in the case of phosphate 
of lime, chioride of calcium and acid phosphate of lime are formed. 
With aalta of acids forming no soluble acid Compound with the base 
present hydrochloric acid forma metallic chlorides, the liberated acids 
remaining free in Solution (berate of Hme). Hydrochloric acid is also 
anpUed aa a special reagent for the detection and Separation of oxid« of 
mver, snboxide ofmercury, and lead, and likewiae foT t]de d^X^c^^^ycL ^1 
£raa MBuaoma, with wbicb it producea in the air dena^ 'w\i\\Äi\3Jii'fe'«^^^ 
blande afuamomvua. 
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§ 29. 

2. Chlorine (Cl) and Chlorine Water. 

Preparation, — Mix 18 parts of common salt in lumps with lö parte of 
finely pulverized good binoxide of mangtinese, free from carbonate of lime; 
put the mixture in a flask, pour a eompletely eooled mixture of 45 parts of 
concentrated sulphuric acid and 21 parts of water npon it^ and shake the 
flask : a uniform and continuous evolution of chlorine gas will 80on 
begpin, which, when slackening*, may be easily increased again by the 
application of a getule heat. This method of Wiooers is excellent^ and 
can be highly recommended. Conduct the chlorine gas evolved first 
through a flask containing a little water, then into a bottle flUed with 
cold water, and continue the process until the fluid is saturated. Where 
it is desired to obtain chlorine water quite free from bromine, the 
washing flask is changed afrer about one-half of the chlorine has been 
expelled, and the gas which now passes over is conducted into a fresh 
bottle filled with water. If the chlorine water is to be quite free from 
hydrochloric acid, the gas must be passed through a U tuoe containing 
binoxide of manganese. The chlorine water must be kept in a cellar 
and carefiiUy protected from the action of light ; since, if tnis precaution 
is neglected, it speedily suflers complete decomposition, being converted 
into dilute hydrochloric acid, with evolution of oxygen (resulting from 
the decompositioA of water). Smaller quantities, intended for use in the 
laboratory, are best kept in a stoppered bottle protected fr^m the 
influence of light by a case of pasteboard. Chlorine water which has 
lost its streng peculiar odor is unflt for use. 

Vses, — Chlorine has a greater affinity than iodine and bromine for 
metals and for hydrogen. Chlorine water is therefore an efficient agent 
to effect the expulsion of iodine and bromine from their Compounds. 
Chlorine serves moreover to eflect the Solution of certain metals (g^ld, 
platinum^, to decompose metallic sulphides, to convert sulphurous acid 
mto sulphuric acid, protoxide of iron into sesquioxide, &c. ; and also to 
eflect the destruetion of organic substances, as in presence of these it 
withdraws hydrogen from the water, enabling thus the liberated oxrgen 
to combine with the vegetable matters and to eflect their decomposition. 
For this latter purpose it is most advisable to evolve the chlorine in the 
fluid which contains the organic substances ; this is eflected by adding 
hydrochloric acid to the fluid, heating the mixture, and then adding 
chlorate of potassa. This ^ives rise to the formation of chloride of 
potassium, water, free chlorine, and bichiorate of chlorous acid^ which 
acts in a similar manner to chlorine. 

§30. 

3. Nitro-Hydrochloric Acid. Aqua regia. 

Preparation. — Mix 1 part of pure nitric acid with from 3 to 4 parts 
of pure hydrochloric acid. 

Uses. — Nitric acid and hydrochloric acid decompose each other, the 
decomposition mostly resulting, as Gat-Lussac has shown, in the for- 
mation oftwo Compound» which are gaseous at^eot^m^x^ xati^t^x^x^^ 
IV O^ Cl^ and NO^ Cl, and of free cMotuiö aadwÄtÄX- T\i\iÄ,li.^,^^^ 
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+ 3HCl = NCLCl, + Cl + 4HOandHO, N0, + 3HC1 = N0.C1 + 
SCl-i-i H O. 'This decomposition ceases as soon as the fluid is satu- 
rated with the gas ; but it recommences the instant this State of Saturation 
is disturbed bj the application of heat or by decomposition of the acid. 
The presence of the n-ee chlorine, and also^ but in a rerj subordinate 
d^free, that of the acids named, makes aqua regia our most powerful 
solrent for metals (with the exception of those which form msoluble 
compoands with chlorine). Nitro-hydrochloric acid serves principally 
to eTOCt the Solution of ^Id and platinum^ which metals are insotuble 
both in hydrochloric and in nitric acid ; and also to decompose various 
metallic sulphides^ e^. cinnabar, pyrites^ &c. 

§81. 
f 4. Htdrofluobilicic Acid (Si F„ H F). 

PrqMratian. — ^Take 1^ part of powdered glass, or 1 part of powdered 
ignited flint, or 1 part of quartz sand. Whichever is used^ it must have 
been washed from every particle of dust^ and then ignited. Mix inti- 
inately with one part of perfectly dry fluor spar in powder ; pour nine 
ysrts of concentrated sulphuric acid over the mizture in a non-tubulated 
retort^ which it is advisable to coat ^ith clay^ and mix carefuUy by 
»haking the veasel. As the mixture swells up when getting wann, it 
nust at first fill the retort only to one-third. The neck of the retort is 
»nnected air-tight witb a small tubulated receiver, and the tubulus of 
the latter again, by means of indiarubber, with a wide glass tube twice 
beut at a right angle. To the descending limb of the glass tube a funnel 
18 attached by means of indiarubber; this funnel is lowered into a 
keaker containing four parts of water. Promote the disengagement ot 
BuGBiIicic gas, which commences even in the cold, by moderateiy heating 
the retort over charcoal. Towards the end of the process a pretty strong 
beat should be applied. Every gas bubble produces in the water a pre- 
npitate of hydrated silicic acid, with simultaneous formation of hydro- 
Suofiaicic acid, 3 Si P, + 2 H = 2 (Si F„ H F) + Si 0,. The precipi- 
tated hydrate of silicic acid renders the liquid gelatinous, and it is for 
this reaaon that the aperture of the descending limb of the tube cannot 
be allowed to dip direct into the water, since it would in that case 
tpeedily be choked. It sonietimes happens in the course, and especially 
towanu the end of the Operation, that complete Channels of silica are 
Formed in the gelatinous liquid, throu^h which the gas gains the surface 
Rrühout undergoing decomposition if the liquid is not occasionally 
sdrred. When the evolution of gas has completely ceased, throw the 
gelatinous pasts upon a linen clotb, squeeze the fluid through, and filter 
it afterwards. Keep the filtrate for use. 

Test*. — Hydrofluosilicic acid must produce no precipitate in Solutions 
of salts of strontia (sulphate of strontia). 

Uses. — Bases decompose with hydrofluosilicic acid, forming water 
lad metallic silicofluorides. Many of these are insoluble, whilst others 
ife solubie ; the latter may therefore by means of this reagent be dis- 
tiagoiahed from the former. In the course of analysis hydroftuoftiU&k 
ipid is applied tamply for the detection and Separation o{ oai'jta^. 
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1. HYDROSULPHtTRiC AciD. Sulp^uretted ffgdivgat (HS). 

Preparation. — Hydrosulphuric acid gas ie evolved best from sniphide 
of iroD, wbich is broken into small lumpe and then treated with dilnte 
sulphuric or bydrocbloric ticid. Fused sulphide of iron mar be procnred 
so cbeaply in commerce th&t it is Lardly worth while to take the trouble 
of preparmg it. However, if you wisb to prepare it yourseif, this may 
bo done by nenting iron turnings, or 1 to 1 J inch iron nails, in a coverta 
HessiHD cnicible to a whit« beat, and then addioff small lumps of rall- 
Bulphiir until the entire contentB of the cnicible are in fiision. As soon 
BS tbis is the case, pour the Aised mass onto sand, or into an oM 
Hessian cnicible. Or make a hole in the bottom of the crucible in 
which you fuse tlie mass, when the sulphide of iron will as fast as it 
fonns run tbrou^h the hole in the bottom of the cnicible, and may tbus 
be eaeily received in a coal-shovel placed in the ash-ptt. Or introduce 
an intimate mixture of thirty parts of iron filings and twenty-one parU 
of flowers of sulphur in small portions into a red-bot crucible, awaiting 
always the incandescence of the portJon last introduced before proceed- 
ing to the additiou of a fresh one. When you bave thus put the whole 
miiture into the crucible, cover 
the latter closely, and ezpoee it 
to a more intense beat. sufficient 
to make the sulphide of iron fuse 
more or less. 

The evohition of the g&s is ^ 
effected in the apparatue illus- 
trated by fig, 32. Pour water 
over the sulphide of iron in a, 
add concentrated sulphuric aeid, 
and shake the mixture: the evolved 
«SB is washed in e. When a suf- 
ficient quantity of gas is evolved, 
pour the äuid off me still unde- 
} composed sulphide of iron, rinse 
the Dottle repeat«dly with water, 
then £11 it with that fluid, and 
keep it for the next Operation. 
If you neglect this, the apparatus will speedily become incnisted with 
crystals of sulphate of protoiide of iron, which is apt to iuterfere 
injuriously with subsequent processes of erolution of gas. 

For larger laboratories, or fbr chemisis having to operate often and 
largely with hydrosulphuric acid, a gasometer may be used, or the fol- 
lowing apparatus, devised by Bruonatelli, and modified as shown in 
fig, 3a. The flajt, B, is provided with a tubulure at a ;• its neck is 
filled with broken glass, ita body with sulphide of iron in small pieces. 
Tbe iudiarubber Stopper in the neck contains two tnbes— 4 (whi 




Fig. 33. 
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«ometimes be omitted, see below), and the short tube e, whicli must 
huTe a bare of 1 cm. at leatl ; the latter is connected with the tuhe d of 
the same size bj means of indiarabber. The tube e eztends almost to 
the bottom of i, snd is connected od the other Bide with the bottle H 
br meaDB of the indianibber tube /. h is closed with a cork or india- 
rabber Stopper, coDttuaiD? a small tube open at both ends. The stopper 
in the tubulure a of the oask B contaius a gloss tube, which b in con- 




Fig. 83. 

oexion with a leaden pipe. The latter conduct« tbe gaa, and ia supphed 
with the brasB cocks h, b, i i. 

To set the apparatus going, open h, and fiU h with a mixture of 1 
Volume common bjdrochloric acid and 2 volumes water. The fluid will 
pass into a, fill the bottle, and rise througb d and o into tue flask b. 
As soon as the neck of the latter is nearlT füll, close the cock A, and 
take care that u is not more than half fall. If now b is opened, and 
also t, the acid rises up to the sulphide, the evolution of gas camiufeiv»» 
and proceed» wich great regulRritf, since tbe wiie tubw e «ai, 4 tfia^ 
tie cmBtant descent oftbe Bolaüon of protochloride oi wou «.lA mcwbX. 
fl/rfwA aad. Iftbe ucid doea not rise in b a» high aa \a ^nÄi«A, v"»»*» 
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one or two lilocks of wood ander v. The enmnt of gas may be en- 
tirely re^Uted bj raisiag or lowering M, u BROaif atelli recnm- 
mends, but the cocks will be found neceBSSTy in Ibtk« IfibontorieBwhere 
the eas has to be paesed into aeveral diSerent flulds at tbe aame time. 
If tne apparatuB is uot required for some tüne, h alioald be placed 
loirer ; tne flaid will thiu sink in b, and ceasing to be in conUct with 
tbe siilphide of iron, the evolutiou of gas will ceaae. In this case, if the 
evolution of gas in b ie not rapid enough to fill the space racated bj 
the fluid, air will ent«r through the tube *. If the tnbe s is present at 
all, it ehould be Bufficientlj long to prerent the exit of fluid wnen then 
t§ a pressure of gas. After the acid has flowed from b, the still mcütt 
sulphide of iron maj continue evolving gas, but this will merely occasioa 
more acid to pass from a to m. The tube m may be left out wben the 
cocks are usea. Under these circumstances the fluid in b will descend 
more slowly on lowering H, sinco the space filled by the descending 
acid bas to be occupied by sulphuntted hydn^n. Wben there are so 
cocks, however, ( is essentisl; otherwise on lowering h, the fluid 
tbrougb which the gas is paesing migbt recede into the apparatus. 
Tliis mcouveuieiice mav be easily prevented wbere cocks are provided, 
Himply by closing i betöre lowering h, The gas from i t is conduct«d 
through wash-bottlcB, or in winter throijgh ü tubes filled witJi wool 
betöre being used. 

Wben the acid is finslly exbaust«d, h is placed lower than a, and 
the air-cock h is opened, if the tube « is not present. All the fluid then 
passes into h, andcsn be poured away. 

1 am so picased with the working of this apparatus that t now use 
it instead of the large leaden generator which nas rendered me such 
güod Service for bo many years. 
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jUowing ^pftratDB (fig;.S4), densed by Fr. MoHR,dependfl u]>on 

principle u the »bove ; it ü parücitlHrly ueeful for tbe evolation 
quantities of the gae. a is a well-known piece of apparatna, 
IryiD^lars^eauBntitieBofgas with cbloride uf calcium ; at Mb» 
d dislc of lead, and above liimnB of sulpbide of iron. To tbe 
ia fized, bj means of indiarubter 0, a small piece of wide glaes 
ich ia filled with cotton wool, and le iatended to stop any par- 

protochJoride of iron whicb may be spirl«d up. e is a glass 
h a lone' wooden handle, whicb may be repiaced by a clip ; e 
a Solution of carbonate of »oda, to prevent the eecape 01 the 
tted hydrogen from the Solution ofprotochlorideof iron, and to 
he latt«r from the action of the air. The acid used here is a 
of common bydrocbloric acid wich one or two measures of wnter. 
e are many other forma of apparatus used for the same purpose. 
ised by Pohl is simple and convenient to use. It is suowq in 

The bottle a, which contains dilute 
; acid, should hold from 3 to S j titres. 
1 glass rod O, measuring at leaat 9 mm. 
ter, and with the upper end g^ound, 
y tightly into the inaiarubber stopper 
it it requires a certain degree of force 

it upwards or downwardB. To tbe 
d of tbis rod is attached the perforated 
., made of vnlcanite. Tbis basket is 
dl coarse linen, and filled with lumps 
ide of iroQ. If the glasa rod o is 
down sufficiently far jnst to dip into 
te sulphuric acid in a, a bIow stream 
iBulpburic acid is evolved, wbich may 
isea by lowering the basket, or stopned 
'ing* it up out of reach of the fluid 
"he Wide tube R is filled with cott«n 
id serves the purpose of a washing- 

uavtted hj/drw/eit water {lolutim nf hgdro- 

■ aeid) is prepared by conducting the 

1 very cold water, wbich has been pre- ^ ^^ 

reed from air by boibng. Tbe opera- 

M>ntinued nntil tbe water is compleMly saturated with the ms» 

lay be readily ascertained by closing the mouth of the nask 

9 thumb, aad sbaking it a little : if upon this a pressure is feit 
hin, the Operation may be considered at an end ; but if, on the 
, the thumb feels sucked into the moutb of tbe öask, tiiia is a 
a tbat the water is still capafale of absorbinir more g&a, Sul- 
d bydrogen water must be kept in well-closed vessels, otber- 
will soon Buffer complet« decomposition, tbe bydrogen being 

to water, and a small portion of tbe sulpbur to sulphuric 
i rest of the sulphur separating. The best way of preserving it 
d for a very long time is to pour tbe freehly prepared Solution 
.t«ly into small phials, to cork tbese well, and to place tbem in 
ted poaition in smalJJars £JIed with water. Piue Bia^'^'b>u«<AKi<\. 
n water mast be perfectl^ ciear aad Btxong\y emit tiie v**^** 

10 gm; when treated with sesquichlorid« ot itou, it mojft -jiiÄ^ 
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a copious precipitate of sulphur. Addition of ammonia must not 
impart a blackish appearance to it. It must leave no residue upon 
evaporation on platinum. 

Uses, — Hydrosulphuric acid has a strong tendency to undergo decom- 
position with metallic oxides, forming water and metallic sulphides, 
which latter being mostly insoluble in water are usually precipitated in 
the process. The conditions under which the precipitation of certain 
sulpnides ensues differ materially ; by altering or modifying these con- 
ditions we may therefore divide the whole of the precipitable metals into 
gToups, as wiU be found explained in Section III. Hydrosulphuric acid 
IS therefore an invaluable agent to effect the Separation of metals into 
groups. Some of the precipitated sulphides exhibit a characteristic 
color indicative of the inaividual metals which they respectively contain. 
The great facility with which hydrosulphuric acid is decomposed renders 
this substance also a usefnl reducing agent for many Compounds ; thos 
it serves, for instance, to reduce salts of sesquioxide of iron to salts of 
protoxide, chromic acid to the State of sesquioxide of chromium, &c. 
In these processes of reduction the sulphur separates in the form of a 
fine white powder. Whether the hydrosulphuric acid had better be 
applied in tne gaseous form or in aqueous Solution depends always upon 
tue special circimistances of the case. 

III. Bases and Metals. 
§ 33. 

Bases are divided into oxygen bases and sulphur bases. The former 
result from the combination of metals or of Compound radicals of similar 
character with oxygen, the latter from the combination of the same 
bodies with sulphur. 

The oxygen bases are classiiied into alkalies, alkaline earths, earths 
proper, and oxides of the heavy metals. The alkialies are readily soluble 
m water ; the alkaline earths dissolve with greater difficulty in that 
menstruum ; and magnesia, the last member of the class, is only very 
sparingly soluble in it. The earths proper and the oxides of the heavy 
metals are insoluble in water or nearly so (except protoxide of thallium). 
The Solutions of the alkalies and alkaline eartns are caustic when suffi- 
ciently concentrated ; they have an alkaline taste, change the yellow 
color of turmeric paper to brown, and restore the blue tint of reddened 
litmus paper; they saturate acids completely. so that eyen the salts 
which they form with strong acids do not change vegetable colors, 
whilst those with weak acids generally haye an alkaline reaction. The 
earths proper and the oxides of the heayy metals combine likewise with 
acids to form salts, but, as a rule, they do not entirely take away the 
acid reaction of the latter. 

The sulphur bases resulting from the combination of the metals of the 
alkalies and alkaline earths with sulphur are soluble in water. The 
Solutions have a strong alkaline reaction. The other sulphur bases do 
not dissolve in water. All sulphur bases form with sulphur acids 
sulphur salts. 
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a. OxYOEX Bases. 

a. Alkalies. 

§ 34. 

1. PoTASSA (KO) AND SoDA (NaO). 

The preparation of perfecdj pure potassa or soda is a difficult opera- 
•n. It is advisable therefore to prepare, besides perfectly pure caustic 
cali, also some which is not quite pure, and some whicn beinp^ ^e 
>m oertain impurities may in many cases be safely substituted for the 
je substance. 

«. Common Solution of soda. — Put into a clean cast-iron pan provided 
th a lid 3 parts of crystallized carbonate of soda of commerce and 15 
^rts of water, heat to boiling, and add, in small portions at a time, 
ick milk of lime prepared by pouring" 3 parts of warm water over 1 
trt of quicklime, and letting the mixture stand in a covered vessel 
itil the lime is redueed to a uniform pulpy mass. Keep the liquid in 
e pan boilins* whilst adding the milk of lime, and for a quarter of an 
»ur longer, tuen filter off a small portion, and try whether the filtrate 
ill causes effervescence in hydrochloric acid. If this is the case, the 
liling" must be continued, and if necessary some more milk of lime 
ust be added to the fluid. When the Solution is perfectly free from 
rbonie acid, cover the pan, allow the fluid to cool a little, and then 
aw off the nearly clear Solution from the residuary Sediment, by 
eans of a siphon filled with water, and transfer it to a glass flask. 
oil the residue a second and a third time with water, and draw off the 
ud in the same way. Cover the flask close with a glass plate, and 
low the lime suspended in the fluid to subside completely. Scour the 
)n pan clean, pour the clear Solution back into it, and evaporate it to 
or 7 parts. The Solution so prepared contains from 9 to 10 per cent. 
soda, and has a specific gravity of from 1*13 to 1*15. If it is wished 
filter a Solution of soda which is not quite clear, a covered funnel 
ould be used, which has been charged first with lumps of white 
irble and then with powder of the same, the fine dust being rinsed 
t with water before the filter is used (Graeqer). Solution of soda 
ost be clear, colorless, and as free as possible from carbonic acid ; 
Iphide of ammoniimi must not impart a ülack color to it. Traces of 
icic acid, alumina, and phosphoric acid are usually found in a Solution 
soda prepared in this manner ; on which account it is unfit for use in 
carate experiments. Solution of soda is kept best in bottles closed 
th ^ound glass caps. In de&ult of capped bottles, common ones 
th well-ground Stoppers may be used, in which case the neck must be 
ped perrectly dry ana clean inside and the stopper coated with paraffin ; 
ice, if this precaution is neglected, it will be found impossible after a 
oe to remove the stopper, particularly if the bottle is only rarely opened. 

h, Hydrate of potassa purified with alcohoL — Dissolve some caustic 
tassa of commerce in rectified spirit of wine in a stoppered bottle by 
i^estion and shaking; let the fluid stand, decant it, or filter it if 
cessary, and evaporate the clear fluid in a silver dish over the gas oi* 
irit lamp until no more vapors escape ; adding from lim^ Xö ^\xv^, 
ringr the eraporation, some water to prevent blackenine ot tjäe^ m%Ä^. 
t£» tbe säver dish in cold water until it has siiÄcieü^y cöo\^S 
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remove the cake of caustic potassa from the dish, break it into coarse 
lumps in a bot mortar, and keep in a well-closed gflass bottle. Wben 
required for use, dissolve a smau lump in water. 

The bydrate of potassa so prepared is sufficientl j pure for most pur- 
poses ; it contains^ indeed, a minute trace of alumina, but is usually free 
from phosphoric acid, sulpfauric acid, and silicic acid. The Solution must 
remain clear upon addition of sulphide of ammonium ; bydrocbloric acid 
must onl j proauce a barely perceptible effervescence in it. The Solution 
acidified with bydrocbloric acid must, upon evaporation to dryness, leave 
a residue whicb dissolves in water to a clear fluid. Tbe Solution acidi- 
fied witb bydrocbloric acid, and tben mixed witb ammonia in tbe least 
possible excess, must not sbow any flocks of alumina, at least until it 
nas stood in a warm place for several bours. Tbe Solution acidified 
witb nitric acid must not g^ve any precipitate witb a nitric acid Solution 
of molybdate of ammonia. 

e. Hydrate qf potassa prepared with baryta, — Dissolve pure crystals of 
baryta (§ 36) by beating* witb water, and add to tbe Solution pure 
sulpbate of potassa until a portion of tbe filtered fluid, acidified with 
byarocbloric acid and diluted, no ionger g^ves a precipitate on addition 
Ol a furtber quantity of tbe sulpbate (16 parts of crystals of baryta 
require 9 parts of sulpbate of potassa). Let tbe turbid fluid clear, 
decant, and evaporate in a siiver dish as in h. Tbe bydrate of potassa so 
prepared is periectly pure, except that it contains a trifling admixture of 
sulpbate of potassa, whicb is ieft bebind upon dissolving the bydrate 
in a little water. This bydrate is but rarely required, its use being in 
fact exclusively confined to the detection of minute traces of alumina. 

Uses, — The great afiinity whicb tbe fixed alkalies possess for acids 
renders these substances powerful agents to eflect tbe decomposition of 
tbe salts of most bases, and consequently tbe precipitation of tbose bases 
whicb are insoluble in water. Many of tbe so precipitated oxides redis- 
solve in an cxcess of the precipitant, as, for instance, alumina, sesqui- 
oxide of chromium, and oxide ot lead ; whilst others remain undissolved, 
e,g, sesquioxide of iron, teroxide of bismuth, &c, Tbe fixed alkaUes 
serve therefore also as a means to separate the former from tbe latter. 
Potassa and soda dissolve also many salts (e,g, Chromate of lead), sul- 
pbur Compounds, &c., and contribute thus to separate and distinguish 
them from other substances. Many of the oxides precipitated by the 
action of potassa or soda exhibit peculiar colors, or possess other cbarac* 
teristic properties that may serve to lead to tbe detection of the individual 
metal whicb they respectively contain ; such are, for instance, tbe pre- 
cipitates of bydrate of protoxide of manganese, bydrate of protoxide of 
iron, suboxide of mercury, &c. The fixed alkalies expel ammonia from its 
salts, and enable us thus to detect that body by its smell^ its action on 
vegetable colors, &c. 

§ 85. 

2. Ammonia. Oxide of Ammonium. (NH^). 

Freparation, — Ammonia is generally prepared in cast-iron vessels on 
a large scale, and it will be round more economical to buy it.* For 
preparing it on a small scale tbe following method answers well. 

* An exeeJJeot noeipt for preparinfit MmmonVik m TikÜiw Yur^ <^QAXL>a&fiA ^tSiSl b& 
foaodin ZeiuchrUt /. «uJ. Ohem. 1, 186. 
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Introduce into a flask 4 parts of chloride of ammominm, either crjstal- 
lixed or in liimps, and the dry hydrate of lime prepared from 5 parts of 
Quicklimey mix by shaking, and cautionsly ada enough water to make 
tke powder agglomerate into lumps. Set the flask in a sand bath and 
connect it with a rather large wash bettle and delivery tube. Put a 
nnall quantity of waler in the wash bettle, and about 10 parts of water 
in Üie flask destined to absorb the gas. Place the latter in cold water, 
ind then begin to apply heat. Evolution of gas speedily sets in. Gon- 
inue to heat until no more bubbles ^pp^i** Open the cork of the flask 
o preyent the receding of the fluid. Tne Solution of ammonia contained 
n the washing bettle is impure, but that contained in the receiver is 
lerfectly pure ; dilute it with water until the specific gravity is about 
96 = 10 per cent. of ammonia. Keep the fluid in bottles closed with 
^nmnd Stoppers. 

Texts, — Solution of ammonia must be colorless, and ought not to 
leare the least residue when evaporated in a platinum disn. When 
leated with an equal volume of lime water, it should cause no turbidity, 
it least not to a very marked extent (carbonie acid). When super- 
nturated with nitric acid, neither Solution of nitrate of baryta nor of 
litrate of silver must render it turbid, nor must sulphuretted hydrogen 
Impart to it the slightest color. 

Uses, — Solution of ammonia, although formed by conducting ammo- 
oiacal gas (N H J into water, and letting that gas escape upon exposure 
to the air, and much quieker when heated, may also be regarded as a 
Solution of Oxide of ammonium (N H^O) in water, the first acceding 
equivalent of water (H 0) being assuraed to form N H^O with N H,. 
Dpon this assumption Solution of ammonia may accordingly be looked 
upon as an analogous fluid to Solution of potassa and Solution of soda, 
wüich greatly simplifies the explanation oi all its reactions, the oxygen 
salts resulting from the neutralization of oxygen acids by Solution of 
ammonia being also assumed to contain oxide of ammonium N H^O, 
instead of N H,. Ammonia is one of the most frequently used reagents. 
It is especially applied for the Saturation of acid fluids, and also to efl*ect 
the precipitation of a gjeat many metallic oxides and carths ; many of 
these precipitates redissolve in an excess of ammonia, as, for instance, 
the oxides of zinc, cadmium, silver, copper, &c., whilst others are in- 
Bolnble in free ammonia. This reagent may therefore serve also to 
separate and distinguish the former from the latter. Some of these 
precipitates, as well as their Solutions in ammonia, exhibit pcculiar 
eolors, which may at once lead to the detection of the individual metal 
vrhich they respectively contain. 

Many of the oxides which are precipitated by ammonia from neutral 
Solutions are not precipitated by tnis reagent from acid Solutions^ their 
precipitation from the latter being prevented by the ammonia salt formed 
m the process. Compare § 53. 

ß. Alkaline Earths. 
§36. 

1. Baryta (BaO). 

jW/fora/üm, — Tbere are a great many ways of pteipaTine; Ii'jäx^Xä ^^ 
\arjrta; but aa witherite is now easily and cheaply ptocuiÄAft, \ Y^eSftX 
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the following method to all others : Mix intimately together 100 parts 
of finely pulverized witherite, 10 parts of charcoal in powder, and 5 parts 
of resin, put the mixture in an earthenware pot, put on the lid and lute 
it on with ciaj, and expose the pot so prepared to the heat of a brick- 
kiln. Break and triturate the baked mass, boil repeatedly with water 
in an iron pot, filter into vessels, stopper, and let them stand in the cold, 
when larg-e quantities of crystals of hydrate of baryta (Ba 0, H + 8 aq.) 
will make their apj)earance. Let the crystals drain in properly covered 
funnels, dry rapialy between sheets of blotting paper, and keep them 
in well closed bottles. For use dissolve 1 part of the crystals in 20 
parts of water, with the aid of heat, and filter the Solution. The baryta 
water so prepared is purer than the mother liquor running off from the 
crystals. The residue, which is insoluble in water and consists of unde- 
composcd witherite and charcoal, is turned to account in the preparation 
of Chloride of barium. 

Tests, — Baryta water must, after precipitation of the baryta by pure 
sulphuric acid, give a filtrate remaining- clear when mixed with spirit 
of wiue, and leaving* no fixed residue upon evaporation in a platinum 
crucible. 

Uses, — Caustic baryta, being a streng base, precipitates the earths 
and metallic oxides insoluble in water from the Solutions of their salts. 
In the course of analysis we use it simply to precipitate magnesia. Baryta 
water may also be used to precipitate those acids which form insoluble 
Compounds with this base ; it is applied with this view to effect the 
detection of carbonic acid, the removal of sulphuric acid, phosphoric 
acid, &c. 

§ 37. 

2. Li ME (CaO). 

We use — 

fl. Hydrate of Urne, b, Lime water, 

The former is obtained by slacking pure calcined lime in lumps, in a 
porcelain dish, with half its weight of water. The heat which accom- 
panies the combination of the lime and the water is sufficient to evapo- 
rate the excess of water. Hydrate of lime must be kept in a well-stop- 
pered bottle. 

To prepare lime water, digest hydrate of lime for some time with 
cold distilled water, shaking the mixture occasionally ; let the undis« 
solved portion of lime subside, decant, and keep the clear fluid in a well- 
stoppered bottle. If it is wished to have the lime water quite free from 
all traces of alkalies, baryta and strontia, which are almost invariably 
present in hydrate of lime prepared from calcined limestone, the liquicis 
of the first two or three decantations must be removed, and the fluid 
decanted afterwards alone made use of. 

Tests, — Lime water must impart a strongly-marked brown tint to 
turmeric paper, and give a not too inconsiderable precipitate with car- 
bonate of soda. It speedily loses these properties upon exposure to the 
air, and is thereby renderea totally unfit for analytical purposes. 

Uses, — Lime forms with many acids insoluble, witn otliers soluble 

salts. Lime water may therefore serve to distin^ish the former acids, 

which it precipitates from their Solutions, from the latter, which it will 

of course mil to precipitate. Many of tte pTec\mt»ÄAft %x^\!\i& «c^ xSä^'titv 

down oülf ander certain conditions, e.g. ou \>o\ÜBg ^ciXm wi\^, ^\äöö. 
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tffords a ready means of distinguishing between them bj altering these 
conditions. We use lime water in analysis principally to effect the 
detection of carbonic acid, and also to aistingnish between citric acid 
and tartaric acid. Hydrate of lime is chiefly used to liberate ammonia 
firom ammonia salts. 



y. Heavt Metals and thbir Oxides. 

§ 38. 
1. ZiNC (Zn). 



Select zinc of ffood quality and, above all, perfectly free from arsenic. 
The metbod descnbed § 132, 10 will serve to detect the presence of the 
slightest trace of this substance. Fuse the metal and pour it in a thin 
stream into a lars^e vessel with water. Zinc which contains arsenic 
must be absolutely rejected, for no process of purification known to us 
that can in any way pretend to simplicily will ever succeed in removing 
crery trace of that metal (Eliot and Storer).* 

Uses, — Zinc serves in qualitative analysis for the evolution of hydro- 
gen, and also of arsenetted and antimonetted hydrogen p^ases (compare 
S 131, 10, and § 132, 10) ; it is occasionally used also to precipitate 
Bome metals from tiieir Solutions : in whicn process the zmc simply 
displaces the other metal TCu 0, SO, + Zn = Zn 0, SO + Cu). Zinc is 
also sometlmes used for the aetection of sulphurous acid and phosphorous 
acid ;. it must then be tested for sulphide of zinc or phospnide of zinc, 
as the case may be, see §§ 139 and 148. 

2. Iron (Fe). 

Iron reduces many metals and precipitates them from their Solutions 
in the metallic State. We use it especially for the detection of copper, 
which precipitates upon it with its characteristic color. Any clean 
8arface of iron, such as a knife-blade, a needle, a piece of wire, Jbc, 
will serve for this purpose. 

3. CoPPER (Cu). 

We use copper exclusively to effect the reduction of mercury, which 
precipitates upon it as a white coating shining with silverv lustre when 
rubbed. A copper coin scoured with fine sand, or in fact any clean 
sorface of copper^ may be employed for this purpose. 

§39. 

4. Hydrate of Teroxide of Bismuth (Bi 0„ HO).t 

iV^parafw».— Dissolve bismuth, freed from arsenic by fusion with 
hepar sulphuris, in dilute nitric acid ; dilute the Solution tili a slight 
permanent precipitate is produced; filter and evaporate the filtrate 

* Acoordtng to GuKKnra (Scheikundige Bijdragen, Deel I. Nr. 1, p. 113), the 
jmiifieation may be efieoted by repeated fusion with a mixtüre of carbonato of &oda 
aad.rahnbtir. 

f jAe ttuieDiinte of teroxide of binnath of oommeroe, if perCeoll^ iroetcom mwia.^ 
MatimoDj, mMjMkobe uaed io/iteftd of ihe hydrated teroxide« 
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to crystallization. Wash the crystals with water containing nitric acid, 
tritiirate them with water^ add ammonia in excess. and let the mizture 
digest for some time ; then filter, wash^ and dry the white precipitate, 
and keep it for use. 

Te:sts, — ^The hydrate of bismuth i8 dissolved in dilute nitric acid and 
preeipitated with sulphuretted hydrogen. Part of the preeipitated sul- 
phide is treated with ammonia and filtered^ part is treatea with sol- 
phide of ammoniimi and filtered. The filtrates are then mixed with 
liydrochloric acid in excess; the first should give no precipitate, the 
second only a white precipitate of sulphur. 

Uses, — Teroxide of bismuth when boiled with alkaline Solutions of 
metallic sulphides decomposes with the latter. givin^ rise to the fonna- 
tion of metallic oxides and sulphide of bismutli. It is better adapted to 
effect decompositions of tliis kind than oxide of copper, since it enables 
the Operator to judge immediately upon the addiüon of a fresh-^rtion 
whether the decomposition is complete or not It has still another 
advanta^e over oxide of copper, viz., it does not, like the latter, dissolve 
in the alkaline fluid in presence of organic substances ; nor does it act 
as a reducing agent upon reducible oxygen oompounds. We use it 
principally to convert tersulphide and pentasulpnide of arsenic into 
arsenious and arsenic acids, for which purpose oxide of copper is alto- 
gether inapplicable, since it converts tue arsenious acid immediately 
mto arsenic acid, being itself reduced to the State of suboxide. 



b. Sulphur Bases. 

§40. 

1. Sulphide of Ammonium (NH^S). 

We use in analysis — 

a. Colorless proto&idpkide qfamnumium, 

b, Yellow poly sulphide of ammonium. 

Preparation. — Transmit hydrosulphuric acid gas through 3 parts of 
Solution ammonia until no further absorption takes place ; then add 
2 parts more of the same Solution of ammonia. The action of hydro- 
sulphuric acid upon ammonia gives rise to the formation, first, of NH^S 
(NH^O and HS = NH^S and HO), then of NH S, HS; upon addition 
of the same quantity of Solution of ammonia as has been satui*ated, the 
ammonia decomposes with the hydrosulphate of sulphide of ammonium, 
and protosulphiae of ammonium is formed, thus : N H^S, H S + N HO = 
2 N H^S + H 0. The rule, however, is to add only two-thirds of the 
quantity of Solution of ammonia, as it is better the preparation should 
contain a little hydrosulphate of sulphide of ammonium than that iree 
ammonia should be present. To employ, as has usually been the case 
hitherto, hydrosulphate of sulphide of ammonium instead of the simple 
protosulphide is unnecessary, and simply tends to increase the smell of 
sulphuretted hydrogen in the laboratory, as the preparation allows that 
gas to escape when in contact "with metallic sulphur acids. 

Sulphide of ammonium should be kept in well-corked phials. It is 
colorless at first, and deposits no sulphur upon addition of acids. Upon 
exposure to tbe air, however, it accjuirea a yeWo^ tanX., wjSä^ Xä xIä 
formation of bisulphide of ammomum, ^bidi i« a\X/^iA^^ ^^^»k^ "«'v^ 
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fbnnation of ammonia and water, thus : 2 N H^S + ^ N H^S, + 
N H3 + H 0. Contiiiued action of the oxye^en of the air upon the sul- 
]^de of ammonium tends at first to the ronnation of stdll higher sul- 
phides ; but afterwards the fluid deposits Bulphur, and finally all the 
snlphide of ammonium is decomposed and the Solution contains nothing 
but ammonia and hyposulphite of ammonia. The formation of hjpo- 
nilphite is thus explained : NHA + 0, = N H,0,S,0,. 

The sulphide ol ammonium which has turned jellow bj moderate 
exposure to the air may be used for all purposes requirinff the emploj- 
ment of yellow snlphide of ammonium. The yellow sulphide may also 
be expeditdously prepared by di^sting the protosulphide with some 
snlphur. All kinds of yellow sulphide of ammonium deposit sulphur 
ftnd look turbid and milky on being mixed with acids. 

Tests, — Sulphide of ammonium must strong'ly emit the odor peculiar 
to it ; with acids it must evolve abundance of sulphuretted hydrogen ; 
the eyolution of gas may be attended by the Separation of a pure white 
precipitate^ but no other precipitate must be formed. üpon evaporation 
and exposure to a red heat in a platinimi dish it must leaye no residue. 
It must not eyen on heating precipitate or render turbid Solution of 
magnesia or Solution of lime (carbonate of anmionia or free ammonia). 

Uses, — Sulphide of ammonium is one of the most frequently employed 
rea?ents. It seryes (a) to eflect the precjpitation of those metals which 
byarosulphuric acid fails to throw down from acid Solutions, e.ff. of iron, 
cJbalt, &c. (NH,S + FeO,SO, = FeS + NH,0,SO,); (p) to separate 
the metallic sulphides thrown down from acid solucions by hydrosul- 
phuric acid, since it dissolves some of them to sulphur salts, as. for in- 
staQce, the sulphides of arsenic and antimony, &c. (N H^S, As S,, &cX 
whüst leanng others undissolyed — ^for instance, sulphide of lead, sulphioe 
of cadmium, &c. The sulphide of ammoniimi used for this purpose 
must contain an excess of sulphur if the metallic sulphides to be dis- 
sol?ed will dissolve only as higher sulphides, as, for instance Sn 3, which 
dissolyes with ease only as Sn S,. 

From Solutions of salts of alumina and sesquioxide of chromium 
sulphide of ammonium precipitates hydrates of these oxides, with escape 
of sulphuretted hydrogen, as the sulphur Compounds corresponding* to 
these oxides cannot tonn in the wet way. [A1,0„ 3 S 0, + 3 N HS 
+ 6HO-Al,0^3HO + 3(NH,0,SOJ + 3HS]. Salts insoluble m 
water are thrown down by sulphide of ammoniimi unaitered from their 
Solutions in acids ; thus, ibr instance, phosphate of lime is precipitated 
onaltered from its Solution in hydrochloric acid. 

§ 41. 
2. Sulphide of Sodium (NaS). 

Preparation, — Same as sulphide of ammoniimi, except that Solution 
of soda is substituted for Solution of ammonia. Filter, ii necessary, and 
keep the fluid obtained in well-stoppered botües. If required to contain 
some higher sulphide of sodium digest it with powderea sulphur. 

üses. — Sulphide of sodium must be substituted for sulphide of ammo- 
nium to effect the Beparation of suiphide of copper from «\x\^\\x ^otü- 
poundß Boluble in alkaUne ßulpbidea, e.g. from pT0tO8u\p\adj^ oi >^) ^ 
Mulpbide afcopper iß not quite insoluble in sulphide of «aamoTiiMaBL, 
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rV. Salts. 

Of the many salts employed as reagents those of potassa, soda^ and 
ammonia are used prineipally on account of their acids ; salts of soda 
may therefore often be substituted for the corresponding' potassa salts, 
<&c. Thus it is almost always a matter of perfect indifference whether 
we use carbonate of soda or carbonate of potassa, ferrocyanide of potas- 
mum or ferrocyanide of sodium, &c, I have therefore here classified the 
salts of the alkalies by their acids, With the salts of the alkaline 
earths and those of the oxides of the heavy metals the case is 
different ; these are not used for their acid, but for their base ; we may 
therefore often Substitute for one salt of a base another similar one, as 
e,ff, nitrate or acetate of baryta for chloride of barium, &c, For this 
reason I have classified the salts of the alkaline earths and of the heavy 
metals Inf their hases, 

a, Salts of the Alkalies. 

§ 42. 

1. SüLPHATE OF Potassa (KO, SOJ. 

Prcparation, — Purify snlphate of potassa of commerce by recrystal- 
lization, and dissolve 1 part of the pure salt in 12 parts of water. 

Uses. — Sulphate of potassa serves to detect ana separate baryta and 
strontia. It is in many cases used in preference to dilute sulphuric 
acid, which is employed for the same purpose, as it does not, like the 
latter reagent, disturb the neutrality of the Solution. 

§48. 
2. Phosphate of Soda (2 Na 0, H 0, P 0, + 24 aq.). 

Preparation, — PurÜy phosphate of soda of commerce by recrystal- 
lization, and dissolve 1 part ot the pure salt in 10 parts of water for use. 

Tests. — Solution of phosphate of soda must not become turbid when 
heated with ammonia. The precipitates which Solution of nitrate of 
baryta and Solution of nitrate of silver produce in it must completely, 
ana without effervescence, redissolve upon addition of dilute nitric acid. 

Uses» — Phosphate of soda precipitates the alkaline earths and all 
heavy metallic oxides by double amnity. It serves in the course of 
analysis, after the Separation of the oxides of the heavy metals, as a test 
for alkaline earths in general; and, after the Separation of baryta, 
strontia. and lime, as a special test for the detection of magnesia ; for 
which latter purpose it is used in conjunction with ammonia, the 
magnesia precipitating as basic phosphate of magnesia and ammonia. 

§44. 

8, Oxalate of Ammonia (2 N H^O, Cp, + 2 aq.). 

Pffparatim^ — Dissolve 1 part of commercial oxalic acid (which 
usually contains potassa) in u parts of boiling water, allow to cool, 
pour off or ßlter the Solution from the cTysta\& oi oil»!^<^ «cid^ ^hich 
genondly coataia qitadroxalate ^ potassa) eva^mtA a^[^ «ü^ ^^^ x» 
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cool. The second crop of crystals is practically free from potassa. A 
third crop equallj pure may also be obtained. The mother liquor 
together with the firet crop mav be used in the preparation of Oxalate 
of potassa or soda. Dissolve tke pure oxaÜc acid in 2 parts of distilled 
water, with the aid of heat, add Solution of ammonia until the reaction 
is distinctlj alkaline^ and put the vessei in a cold place. Let the crystals 
drain. The mother liquor will, upon proper evaporation, give another 
crop of crystals. Purify all the crystals by recrystallization. Dissolve 
1 part of the pure salt in 24 parts of water for use. 

Tests, — ^The Solution of Oxalate of ammonia must not be precipitated 
nor rendered turbid by hydrosulphuric acid, nor by sulphide of ammo- 
nium. Ignited on platinum, the salt must Yolatilize without leaving 
a residue. 

Uses. — Oxalic acid forms with lime, strontia, baryta, oxide of lead, 
and other metallic oxides, insoluble or rery difficultly soluble Com- 
pounds ; Oxalate of ammonia produces therefore in the aqueous Solutions 
of the salts of these bases precipitates of the corresponding Oxalates. In 
analysis it serves principally for the detection and Separation of lime. 

§45. 
4. AcETATE OF SoDA (Na 0, C^H,0, + 6 aq., or Na 0, A + 6 aq.). 

Preparation, — Dissolve crystallized carbonate of soda in a little water, 
add to the Solution acetic acid to slig^ht excess, evaporate to crystalliza- 
tion, and purify the salt by recrystaBization. For use dissolve 1 part of 
^e salt in 10 parts of water. 

Tests, — Acetate of soda must be colorless and free from empyreumatic 
matter and inorganic acids. 

Uses. — ^The strenger acids in the free State decompose acetate of soda, 
combining with the base, and setting the acetic acid free. In the 
course of analysis acetate of soda is used principally to precipitate phos- 
phate of sesquioxide of iron (which is insoluble in acetic acid) from its 
Solution in hydrochloric acid. It serves also to effect the Separation of 
s^uioxide of iron and alumina, which it precipitates on boiling from 
the Solutions of their salts. 

§46. 

5. Carboxate of Soda (Na 0, C 0, + 10 aq.). 

Preparation. — ^Take bicarbonate of soda of commerce, put the powder 
into a fimnel stopped loosely with cotton wool, make the suriace even, 
Cover it with a disk of diflicultiy permeable paper with turned-up edges, 
and wash by pouring small quantities of water on the paper disk, until 
the filtrate, acidified with nitric acid, is not rendered turbid by Solution 
of nitrate of silver, nor by Solution of chloride of barium. Let the salt 
diy, and then convert it by gentle ignition into the simple carbonate. 
This is e£[ected best in a crucible or dish of silver or platinum ; but it 
may be done also in a perfectly clean vessei of cast iron, or, on a 
small Scale, in a porcelain dish. Pure carbonate of soda may be obtained 
also by repeated recryst^lhsalion of carbonate of feoda oi commfiit«^.^« 
For uae diBsolve 1 part of tbe anbjdrouB salt or 27 paitfi öS \Itkft crj^-^ 
taUued ßsdt in öparta ofwater. 
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Tests, — Carbonate of soda must be perfectly white. Its Solution, 
after supersaturation with nitric acid, must not be rendered turbid bj 
Chloride of barium or nitrate of silver ; nor must addition of sulphocya- 
nide of potassium impart a red, or warming with molybdate of ammonia 
and nitric acid a yellow tint to it, or give a yellow precipitate ; the 
residue which remains upon evaporating its Solution to dryness, after 
previous supersaturation with hydrochloric acid, must leave no residne 
(silicic acid) when redissolved in water. When fiised in a glass tube 
with Cyanide of potassium for a long* time in a current of carbonic acid, 
it should give no trace of a dark Sublimate (arsenic). See § 132, 12. 

Uses, — With the exception of the alkalies, carbonate of soda precipi- 
tates the whole of the bases in the form of neutral or basic carbonates. 
Those bases which are soluble in water as bicarbonates require boiling 
for their complete precipitation from acid Solutions. Many of the pre- 
cipitates produced by the action of carbonate of soda exhibit a cfaarac- 
teristic color, which may lead to the detection of the individual metals 
which they respectively contain. Solution of carbonate of soda serres 
also for the decomposition of many insoluble salts of the alkaline earths 
or of the metals, more particularly of those with organic acids. Upon 
boiling with carbonate of soda these salts are converted into insoluble 
carbonates, whilst the acids combine with the soda and are thus 
obtaincd in Solution. Carbonate of soda is often used also to saturate 
free acids. 

§47. 
6. Carbonate of Ahmonia (NH^O, CO,). 

Preparatian. — We use purified sesquicarbonate of ammonia entirely 
free from any smell of animal oil, such as is prepared on a large scale 
from a mixture of chloride of ammonium and carbonate of lime by subU- 
mation. The outer and the inner suriace of the mass are carefiilly 
scraped. One part of the salt is dissolved by digestion with 4 parts of 
water to which one part of Solution of caustic ammonia has been added. 

Tests. — Pure carbonate of ammonia must completely volatilize. 
Neither Solution of nitrate of baryta nor of nitrate of silver, nor sul- 
phuretted hydrogen, must color or precipitate it, after supersaturation 
with nitric acid. 

Uses. — Carbonate of ammonia precipitates, like carbonate of soda, 
niost mctallic oxides and earths ; it is generally employed in preference 
* to the latter reagent, because it introduces no non-volatile Dody into 
the Solution. Complete precipitation of many of the oxides takes place 
also only on boiling. Several of the precipitates redissolve again in an 
excess of the precipitant In like manner carbonate of ammonia dis- 
solves many hydrated oxides and sulphides, and thus enables us to 
distinguish and separate them from otners which are insoluble in this 
reagent. 

Carbonate of ammonia, like caustic ammonia, and for the same reason, 
fiails to precipitate from acid Solutions many oxides which it precipitates 
from neutral Solutions. (Compare § 63.) We use carbonate of ammonia 
in analysis principally to effect the precipitation of baryta, strontia, and 
lime, and tne Separation of these substances from magnesia ; also to 
separate ßtüpbide of arsenic, whicli is Bo\\)i\Ae Vn. It, ^om «oi^V^d^ q£ 
andmony, whicb ia insoluble. 
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§48. 

7. BisüLPHiTE OF Soda (Na 0, H 0, 2 S 0,). 

PreparaUon. — Heat 5 parts of copper clippings with 20 parts of 
eoncentrated sulphuric acid in a flask, and conduct the sulphurous acid 
ps eYolved, first through a washing bottle containing some water, then 
mto a flask containing 4 parts of purified bicarbonate of soda (§ 46), 
or 7 parts of pure crystallized carbonate of soda, and from 20 to 80 parts 
of water, and whicn is not mnch more than half fiill ; continue the 
transmission of the gas nntil the evolution of carbonic acid ceases. 
Keep the Solution, which smells stronglj of sulphurous acid, in a well- 
stoppered bottle. 

Tests. — Sulphite of soda, when eraporated to dryness with pure sul- 
phuric acid, must leave a residue,* the aqueous Solution of which is not 
iltered bj hydrosulphuric acid, nor precipitated yellow by heating with 
a Solution of molybdate of ammonia mixea with nitric acid. 

Uses. — Sulphurous acid has a great tendency to pass to the State of 
sulphuric acid by absorbing oxygen. It is therefore one of our most 

Cwerful reducing agents. Sulphite of soda, which has the advantage of 
ing less readily decomposed than sulphurous acid, acts in an analogous 
maTiner upon addition ot acid. We use it principally to reduce arsenic 
acid to arsenious acid, chromic acid to sesquioxide of chromium, and 
lesquioxide of iron to protoxide. It will serve also to effect the Separa- 
tion of tersulphide of arsenic, which is soluble in it, from the sulpnides 
of antimony and tin, which are insoluble in this reagent. 

§ 49. 
8. Nitrite of Potassa (K0,N0,). 

PreparoHm. — In an iron pan fuse 1 part of nitre, add 2 parts of lead, 
and keep stirred with an iron rod. Even at a low red heat the lead 
becomes for the most part oxidized and converted into a yellow powder. 
To oxidize the remainder, the heat is increased to visible redness and 
maintained at that point for half an hour Allow to cool, treat with 
eold water, filter and pass carbonic acid through the filtrate. This pre- 
ctpitates almost the whole of the lead in Solution, the remainder is 
remoYed with a litüe sulphuretted hydrogen. Evaporate the clear 
fluid to dryness, finally with stirring, and mse in order to destroy any 
hyposulphite of potassa (Aug. Strometer). When required, dissolve 
1 part in 2 parts of water, neutralize cautiously with acetic acid, and 
filter. 

Tests. — Nitrite of potassa must upon addition of dilute sulphuric acid 
copiously erolve nitric oxide gas. 

Uses, — ^Nitrite of potassa is an excellent means to effect the detection 
and Separation of cobalt, in the Solutions of which metal it produces a 
precipitate of nitrite of potassa and sesquioxide of cobalt It serves also 
in presence of free acid to liberate iodine from its Compounds. 

* The erapomttoD ii atteoded iritii copioua eTolutlon of bulphuioxtt MAii. 
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§ ÖO. 
9. BiCHROMATE OF PüTASSA (KO, 2 Cr J. 

Preparation. — Puriiy the salt of commerce by recrystallization, and 
dissolve 1 part of the pure salt in 10 parte of water for use. 

Uses, — Chromate of potassa decomposes most of the soluble salts of 
metallic oxides by double affinity. Most of the precipitated Chromates 
are very sparingly soluble, and many of them exhibit characteristic 
colors which lead readily to the detection of the particular metal which 
they respectively contain. We use bichromate of potassa principally as 
a test for lead. 

§ öl. 

10. Granulär Antihonate of Potassa (KO,Sb 0, + 7 aq.). 

Preparation, — Project a mixture of equal parts of pulverized tartar- 
emetic and nitrate of potassa in small portions at a time into a red- 
hot crucible. After the mass has deflagrated, keep it at a moderate red 
heat for a quarter of an hour longer, which will make it froth at first^ 
but after some time it will be seen in a State of calm fusion. Remove 
the crucible now from the fire, let tlie mass get suificiently cold, and 
then extract it with warm water. Transfer to a suitable vessel, which 
is easily done by rinsing, and decant the supernatant clear lluid from 
the heavy white powder deposited. Concentrate the decanted liuid by 
evaporation. After 1 or 2 days a doughy mass will separate. Treat 
this mass with three times its volume of cold water, working it at the 
same time with a spatula. This Operation will serve to convert it into a 
iiue granulär powder, to which add the powder from which the fluid was 
decanted, wash well with boiling water, tili the washings cease to be 
alkaline, and dry on blotting paper. 100 parts of tartar-emetic give 
about 80 parts of antimonate of potassa (Brunner). 

Tests and Uscs, — Granulär antimonate of potassa is very sparingly 
soluble in water, requiring 90 parts of boiling and 2ö0 parts of cold 
water for Solution. The Solution had always best be prepared imme- 
diately before required for use, by boiling the salt with water, and iilter- 
ing olf the fluid from the undissolved portion. The Solution must be 
clear and of neutral reaction ; it must g^ve no precipitate with Solution 
of Chloride of potassium, nor with Solution of chloride of ammonium ; 
but Solution of chloride of sodium must produce a cry stalline precipitate 
in it. Antimonate of potassa is a valuable reagent for soda, but its 
employment requires great caution, see § 90. 



§ 62. 

11. MOLYBDATE OF AmMONIA (N Hp,Mo 0,), DIS80LVED IN 

NiTRIC ACID. 

Preparation. — ^Triturate sulphide of molybdenum with about an equal 
bulk of coarse quartz sand washed with hydrochloric acid. until the mass 
is reduced to a moderately fine powder ; heat the powder to feint red- 
ness, with repeated stirring, until the mass has acquired a lemon-yellow 
color (which after cooling tums whitish). With small quantities this 



§ 53.] CHLORIDE OF AMMONIUM. 61 

Operation maj be con Jucted in a flat platinom dish, with large qnantities 
in a muifle. Extract the residuaiy mass with Solution of ammonia^ 
fiiter, evaporate the filtrate, heat the residue to faint redness until the 
mass appears yellow or white, and then dig^st for several dajs with 
nitric acid in the water bath, in order to convert the phosphoric acid 
which is almost invariablj present in the ore to the tribasic State. When 
the nitric acid is evaporated dissolve the residue in 4 parts of Solution of 
ammonia, filter rapialy, and pour the filtrate into 15 parts by weicht of 
nitric acid of 1*20 specitic gravity. Keep the mixture standing several 
days in a moderately warm place, which will cause the Separation of any 
remainin^ traces of phosphoric acid as phospho-molybdate of ammonia. 
Decant the colorless fluid from the precipitate, and keep it for use. 
Heated to 40** no white precipitate (molybdic acid or an acid salt of the 
same) wiU separate ; but if tue temperature is raised beyond that point 
this will at once take place unless more nitric acid be adued (Booertz). 
Uses. — ^Phosphene acid and arsenic acid form with molybdic acid and 
umnonia peculiar yellow Compounds which are almost absolute ly in- 
solable in the nitric acid Solution of molybdate of ammonia. The phos- 
phoric acid Compound is formed in the cold, the arsenic acid Compound 
reqnires heat. Molybdate of ammonia aflbrds therefore an excellent 
means to detect these acids, and more es])ecially very minute quantities 
of phosphoric acid in acid Solutions containing sesquioxide of iron, 
alumina^ and alkaline earths. 

§ Ö3. 
12. Chloride of Ammonium (N H^Cl). 

Preparatian. — Select sublimed white sal ammoniac of commerce. If 
it contains iron it must be purified. For this purpose add ammonia to 
the boiling Solution, continue boilin<^ tili the alkaline reaction has almost 
gone, allow the precipitate to subsiae, filter^ an4 crystallize. Dissolve 
1 part of the salt in 8 parts of water for use. 

Tests. — Solution 'ofchloride of ammonium must leave no fixed residue 
npon evaporation on a platinum knife. Sulphide of ammonium must 
have no action upon it. Its reaction must be perfectly neutral. 

Uses, — Chloride of ammonium serves principally to retain in Solution 
oertain oxides {e,g, protoxide of manganese,ma^esia) or salts {e.(/. tartrate 
of lime) upon the precipitation of other oxides or salts by ammonia or 
flome other reag'ent. Tnis application of chloride of ammonium is based 
npon the tendency of the ammonia salts to form double Compounds with 
other salts. Chloride of ammonium serves also to distinpcuish betwecn 
precipitates possessed of similar properties ; for instance, to distin^niish 
the basic phosphate of magnesia and ammonia, which is insoluble in 
Chloride ot ammonium, from other precipitates of magnesia. It is used 
also to precipitate from their Solutions in potassa various substances 
which are sofuble in that alkali, but insoluble in ammonia ; e,ff. alumina, 
sesquioxide of chromium, &c. In this process the Clements of the chlo< 
ride of ammonium transpose with those of the potassa, and chloride of 
potassium, water, and ammonia are formed. Uhloride of ammonium is 
applied also as a special rea^nt to e£fect the precipitation of platinum as 
ammonio'bichloride of platmmn. 
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§ Ö4. 
13. Cyanide of Potassium (KCy). 

Preparation, — Heat feirocyanide of potassium of commerce (perfectly 
free from sulphate of potassa) genüy, with stirring, until the crystalli» 
zation water is completelj e^roelled ; triturate the anhydrous mass^ and 
mix 8 parts of the dry powder with 3 parts of perfectly dry carbonate 
of potassa ; fiise the mixture in a covered Hessian or, Detter still, in a 
covered iron crucible, until the mass is in a iaint glow, appears clear, 
and a sample of it, taken out with a heated glass or iron rod, looks 
perfectly white. Remove the crucible now from the fire, tap it gentlT, 
and let it cool a little until the evolution of gas has ceased ; pour tfie 
fused Cyanide of potassium into a heated tall, crucible-shaped vessel of 
clean iron or silver, or into a moderately hot Hessian crucible, with 
proper care, to prevent the running out of anv of the minute particles 
of iron which have separated in the process of nision and bave subsided 
to the bottom of the crucible. Let the mass now slowly cool in a 
somewhat warm place. The Cyanide of potassium so prepared is exceed- 
ingly well adapted for analytical purposes, although it contains carbonate 
and cyanate of potassa ; wnich latter is upon Solution in water trans- 
formed into carbonate of ammonia and carbonate of potassa (K 0, 
C,N H- 4 H = K 0, C 0, + N HO, C 0,). Keep it in the solid form in 
a well-stoppered bottle, and dissolve 1 part of it in 4 parts of water, 
without application of heat, when required for use. 

TeÄ<^.— Cyanide of potassium must be of a milk-white color and 
quite free from particles of iron or charcoal. It must completely dis- 
solve in water to a clear fluid. It must contain neither silicic acid nor 
sulphide of potassium ; the precipitate which salts of lead produce in its 
Solution must accordingly be of a white color, and the residue which its 
Solution leaves upon eyaporation, after previous supersaturation with 
hydrochloric acid,* must completely dissolve in water to a clear fluid. . 

Uses. — Cyanide of potassium prepared in the manner described pro- 
duces in the Solutions of most oi the salts of metallic oxides precipi- 
tates of cyanides of metals or of oxides or carbonates which are insoluble 
in water. The precipitated cyanides are soluble in Cyanide of potassium, 
and may therefore by further addition of the reagent be separated from 
the oxides or carbonates which are insoluble in Cyanide of potassium. 
Some of the metallic cyanides redissolve invariably in the Cyanide of 
potassium as double cyanides, even in preisenceofn'eehydrocyanic acid 
and upon boiling ; whilst others combine with cyanogen to new radicals, 
which remain in Solution in combination with the potassium. The most 
common Compounds of this nature are cobalticyanide of potassium and 
ferro- and ferricyanide of potassium. These difier from the double 
cyanides of the other kind particularly in this, that dilute acids fail to 
precipitate the metallic cyanides which they contain. Cyanide of potas- 
sium may accordingly serve also to separate the metals which form Com- 
pounds of the latter aescription from others the cyanides of which are 
precipitated by acids from their Solution in cyaniae of potassium. In 
the course of analysis this reagent is of great importance, as it serves to 

* Tbiä sopen^unüon with bydrocblono »old la «A.VftTidQ6Lii\^ d^ioxvg^ft^meiit of 
JbjrdiXfcpuuo iiad. 
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effect the sep&ratioii of cobalt from nickel ; also that of copp^r, the 
salphide of which metal is soluble in it^ from cadmium^ the sulphide of 
which is insoluble. 

§ 55. 

14. Ferroctakide of Potassium (2 K,C,N,Fe + 3 aq. = 

2 K,Cfy + 3 aq.). 

Preparatüm, — ^The ferrocyanide of potassium is found in commerce 
sofidendj pure. 1 part of the salt is dissolved in 12 parts of water 
foruse. 

Utes. — Ferrocyanogen forms with most metals Compounds insoluble 
in water, which frequentlj exhibit highlj characteristic colors. These 
ferrocjanides are fbrmed when ferrocyanide of potassium is broug'ht into 
contact with soluble salts of metallic oxides, with Chlorides, (i;c., the 
Dotassium chan^g places with the metals. Ferrocyanide of copper and 
KROsesquicjanide ot iron exhibit the most characteristic colors of all ; 
ferrocyanide of potassium serves therefore particularly as a test for oxide 
of copper and sesquioxide of iron. 

§ 66. 

15. Ferbictanide of Potassium (3 K,Cj,N,Fe, = 3 K,Cfdy). 

Preparatüm. — Conduct chlorine gas slowly into a Solution of 1 part 

of ferrocyanide of potassium in*10 parts of water/with frequent stirring, 

Qotil the Solution exhiUts a fine deep red color by transmitted li^ht (tue 

%ht of a candle answers best), and a portion of the fluid produces no 

longer a blue precipitate in a Solution of sesquichloride of iron, but 

impartB a brownish tint to it. Evaporate the fluid now in a dish to \ 

of its weighty and let crystallize. The mother liquor will upon further 

e?aporation yield a second crop of crystals equally fit for use as the first. 

Dissolye the whole of the crystals obtained in 3 parts of water, filter if 

necessary; evaporate the Solution briskly to half its volume, and let 

erjstallise again. Whenever required tor use, dissolve a few of the 

cijstalsy which are of a ^lendid red color, in a little water. The solu- 

tion^ as already remarked. must produce neither a blue precipitate nor a 

bine color in a Solution of sesquichloride of iron. 

Uset, — Ferricyanide of potassium decomposes with Solutions of me- 
tallic Oxides in the same manner as ferrocyanide of potassium. Of the 
metallic ferricyanides the ferriprotocyanide of iron is more particularly 
characterized by its color, and we apply ferricyanide of potassium there- 
fore principally as a test for protoxiae of iron. 

§ 57. 

16. SULPHOCYANIDE OF PoTASSIUM (K,C,N S, or K, Cy S,). 

Preparatim. — Mix together 46 parts of anhydrous ferrocyanide of 
potassium y 17 parts of carbonate of potassa, and 32 parts of sulphur; 
mtrodace the mixture into an iron pan proTided with a lid, and fuse 
orer a genile fire ; maintain the same temperature until the swellinfi^ of 
the mass whidli ensuea at ßrst bas completely subsided and gjWeu "^tic.^ 
to s State of trBuqml and. clear fasion ; increase the tem^peTOto»^ üo^ ^ 



64 CHLORIDE OF BAKIUM, [§68. 

towards the end of the Operation, to faint redness, in order to decompose 
the hyposulphite of potassa which has been fonned in the process. Be- 
move tne half refrig-erated and still soft mass from the pan, cnish it, 
and boil repeatedly with alcohol of from 80 to 90 per cent. Upon cooling, 
part of the sulphocyanide of potÄSsium will separate in colorless crjstals; 
to obtain the remainder, aistil the alcohol from the mother Uquor. 
Dissolve 1 part of the salt in 10 parts of water for use. 

Tests, — ^Solution of sulphocyanide of potassium must remain per- 
fectly colorless when mixed with perfectly pure dilute hydrochloric 

acid. 

Xf^es, — Sulphocyanide of potassium serves for the detection of sesqui- 
oxide of iron, for which substance it is at once the most characteristic 
and the most delicate test. 



h. Salts of the Alkaline Earths. 

§ ö8. 

1. Chloride of Barium (BaCl + 2aq.). 

Prepnration. — a, From heavy spar. Mix tog'ether 8 parts of pulverized 
Bulphate of baryta, 2 parts of charcoal in powder, and 1 part of common 
resin. Put the mixture in a crucible, and expose it in a wind furnace 
to a lonff-continued red heat. Triturate the crude sulphide of barium 
obtained, boil about ^j^ of the powder with 4 times its quantity of water, 
and add hydrochloric acid until all effervescence of sulphuretted hydro- 
gen has ceased, and the fluid manifests a slig'ht acia reaction. Add 
now ihe remainin*^ -j^ part of the sulphide ot barium, boil some time 
long-er, then filter, and let the alkaline fluid crystallize. Dry the crys- 
tals, redissolve them in water, and crystallize a^in. 

h. From witherite, Pour 10 parts of water upon 1 part of pulverized 
witherite, and ffradually add crude hydrochloric acid until the witherite 
is almost completely dissolved. Add now a little more finely pulverized 
witherite, and heat, with frequent stirring, until the fluid nas entirely 
or very nearly lost its acid reaction ; add Solution of sulphide of barium 
as lonp;* as a precipitate forms; then Alter, evaporate the filtrate to 
crystallization, and purify by crystallizing again. For use dissolve 1 
part of the. Chloride of barium in 10 parts of water. 

Tests, — Pure chloride of barium must not alter vegetable colors ; its 
Solution must not be colored or precipitated by hydrosulphuric acid, nor 
by sulphide of ammonium. Pure sulphuric acid must precipitate every 
fixed particle from it, so that the fluid hltered from the precipitate forraed 
upon the addition of that reagent leaves not the slightest residue when 
evaporated on platinum foil. 

Uses. — Baryta forms with many acids soluble, with others insoluble 
Compounds, l'his property of baryta aflbrds us therefore a means of 
distingiiishing the former acids, which are not precipitated by chloride 
of barium, from the latter, in the Solution of the salts of which this re- 
agent produces a precipitate. The precipitated salts of baryta severally 
ghow with acids a diflerent deportment. By subjecting these salts to 
the action of acids we are therefore enabled to subdivide the group of 
^reci;)itable acids and even to detect certain individual acids. This 
makes chloride of barium one of cur most, \mi^t\a.ii\. t^%i^ti\& \ä ^S^s^clt^- 
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rnish between certain groups of acids^ and more especialljralso to effect 
ue detection of sulphuric seid. 

§ö9. 
2. Nitrate of Baryta (BaO, N OJ. 

PrepanUum. — ^Treat carbonate of baryta, no matter whether witherite 
or precipitated bj carbonate of soda from Solution of sulphide of barium, 
witn dilute nitric acid free from chlorine^ and proceed exactly as directed 
in the preparation of chloride of barium from witherite. r or use, dis- 
soWe 1 part of the salt in 15 parts of water. 

Tests. — Solution of nitrate of baryta must not be made turbid by 
lolution of nitrate of silver. Other tests the same as for chloride of 
bariam. 

üses, — Nitrate of baryta is used instead of chloride of barium in 
cases where it is desirable to avoid the presence of a metallic chloride in 
the fluid. 

§60. 
3. Carbonate of Baryta (BaO, CO,). 

Preparaii4m. — Dissolve crystallized chloride of barium in water, heat 
to boiling, and add a Solution of carbonate of ammonia mixed with some 
caostic ammonia, or of pure carbonate of soda, as long* as a preeipitate 
fenns ; let the preeipitate subside, decant five or six times, transfer the 
pecipitate to a filter, and wash until the washing water is no longer 
wndered turbid by Solution of nitrate of silver. Stir the precipitat^e 
^th water to the consistence of thick milk, and keep this mixture in 
i stoppered botde. It must of course be shaken every time it is required 
fbrnse. 

Tests, — Pure sulphuric acid must preeipitate every fixed particle 
^m a Solution of carbonate of baryta in nydrochloric acid (compare 

Uses, — Carbonate of baryta completely decomposes the Solutions of 
oany metallic oxides, ^.^. sesquioxiue of iron, alumina; precipitatingf 
from them the whole of the oxide as hydrate and basic salt, whiist some 
other metallic salts are not precipitated by it. It serves therefore to 
separate the former from the latter, and affords an excellent means of 
effecting the Separation of sesquioxide of iron and alumina from prot- 
oxide (^ manganese, oxide of^ zinc, lime, magnesia, &c, It must be 
bome in mind, however. that the salts must not be sulphates, as car- 
bonate of baryta equally precipitates the latter bases from these 
eompounds. 

§61. 

4. SüLPHATE OF Limb (Ca 0, S 0^ crystallized Ca 0, S 0, + 2 aq.). 

Preparation, — Digest and shake powdered crystallized gypsiim (sele- 
nite) for some time with water ; let the undissolved portion subside, 
decant, and keep the clear fluid for use. 

Uses, — Sulphate of Jime, bein^ a difficultly soluble »alt, \ä «l CiQü- 
yenient agent iD caaea where it is wished to apply a Solution oi aWrcu^ ^'dX\> 
or of ü muphate ofa deßnite degree of diluUon. A.& ^lutÄ ao\u\AOTi ol 
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a lime salt it is used für the detection of oxalic acid ; whilst as dil 
Solution of a sulphate it afiFbrds an excellent meana of disting^isb 
between baiyta, strontia, and lime. 

^62. 
ö. Chloride of Calcium (CaCl, tffy«te//ts«f CaCl + 6aq.). 

Preparatiam, — Dilute 1 part of crude hydrochloric acid with 6 p 
of water, and add to the fluid marble or chalk until the last por 
added remains undissolTed ; add now some hjdrate of lime, then 
phuretted hydrogen water until a filtered portion of the mixture is 
longer altered by sulphide of ammonium. Then let the mixture st 
covered for 12 liours at a gentle heat ; filter, exactlj neutralize 
filtrate, concentrate bj evaporation, and crjstallize. Let the crjf 
drain, and dissolve 1 part ot the salt in 5 parts of water for use. 

Tests, — Solution ot chloride of calcium must be perfectly neutral, 
neither be colored nor precipitated by sulphide of ammonium ; nor ov 
it to evolve anunonia when mixed with hydrate of potassa or hydrat 
lime. 

üses. — Chloride of calcium is in its action and application analog 
to chloride of barium. For as the latter reagent is used to separate 
inorganic acids into groups, so chloride of calcium serves in che si 
manner to effect the Separation of the organic acids into groups, sini 
precipitates some of them, whilst it forms soluble Compounds with otL 
And, as is the case with the baryta precipitates, the different condit 
under which the yarious insoluble lime salts are thrown down enabl 
to snbdiyide the group of precipitable acids. 

§63. 

6. Sulphate of Magnesia. 

(Mg 0, S 0„ erystaUised Mg 0, S 0^ H + 6 aq.). 

Preparatian, — ^Dissolve 1 part of sulphate of magnesia of commerc 
10 parts of water ; if the salt is not perfectly pure, subject it to rec 
tallization. 

Tests. — Sulphate of magnesia must have a neutral reaction. Its s 
tion, when mixed with a sufficient quantity of chloride of ammoni 
must, after the lapse of half an hour, not appear clouded or tingec 
pure ammonia, or oy carbonate or Oxalate of ammonia, or by sulpnid 
ammonium. 

Uses. — Sulphate of magnesia serves almost exclusively for the de 
tion of phosphoric acid and arsenic acid, which it precipitates f 
aqueous soluüons qf phosphates and arsenates, in presence of ammi 
and chloride of ammonium, in the form of almöst absolutely insoli 
higphly characteristic double salts (basic phosphate or basic arsenat 
magn^ßia and anunonia).. Sulphate of magnesia is also employed to 
sulphkle of ammonium (see § 40). 
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C. SaLTS OF THE OxiDES OF THE HeAVY MeTALS. 

§64. 

1. SULPHATE OF PrOTOXIDE OF IroN. 

(Fe 0, S 0„ CTi(*te«i2«rf Fe 0, S 0„ H + 6 aq.). 

Pnparation, — ^Heat an excess of iron nails free from rust, or of clean 
iron wire, with dilute sulphuric acid until the evolution of hjdrogen 
ceases ; filter the sufficientlj concentrated Solution, add a few drops of 
dilnte sulphuric acid to the filtrate, and allow it to cool. Wash the 
crptak with water very slightly aciduiated with sulphuric acid, dry, and 
keep for use. The sulphate of protoxide of iron maj also be prepared 
from the Solution of sulphide of iron in dilute sulphuric acid which is 
obtained in the process of evolving^ hydrosulphuric acid. 

Tests. — The crjstals of sulphate oi protoxide of iron must have a fine 
pile green color. Crystals that haye oeen more or less oxidized bj the 
letion of the air, and give a brownish-yellow Solution when treated 
with water, leaying undissolyed basic sulphate of sesquioxide of iron 
behind, must be altogether rejected. Hydrosulphuric acid must not 
precipitate Solution of sulphate of protoxide of iron after addition of 
some hydrochloric acid, nor even impart a blackish tint to it. 

Uses, — Sulphate of protoxide of iron has a great disposition to absorb 
Mjgen, and to be conyerted into the sulphate of the sesquioxide. It 
icts therefore as a powerful reducing a^ent. We employ it priucipally 
for the reduction of nitric acid, from wnich it separates nitric oxide by 
withdrawing three atoms of oxygen from it. The decomposition of the 
nitric acid being attended in this case with the formation of a yery 
pecoliar brownish-black Compound of nitric oxide with an undecom- 
posed portion of the salt of tue protoxide of iron, this reaction affords 
t particularly characteristic and delicate test for the detection of nitric 
ikcid. Sulphate of protoxide of iron seryes also for the detection of 
kydroferricyanic acid, with which it produces a kind of Prussian blue, 
i^d also to effect the precipitation oi metallic gold from Solutions of the 
saltB of that metal. 

§ 66. 

2. Sesquich LORIDE OF Iron (Fe,Cl,). 

Preparation, — Heat in a flask a mixture of 10 parts of water and 1 
part of pure hydrochloric acid with small iron naik until no fiirther 
erolntion of hydrogen is observed, even after adding the nails in excess ; 
filter the Solution into another flask, and conduct into it chlorine gas, 
with frequent shaking, until the fluid no longer produces a blue precipi- 
tate in Solution of ferricyaiiide of potassium. Heat until the excess of 
chlorine is expelled. Dilute until the fluid is twenty times the weight 
0f the iron di»Bolved, and keep for use. 

Tests. — Solution of sesquichloride of iron must not contain an. excess 
of acid; this may be readuy ascertained by stirring a diluted sample of 
it with a glass rod dipped in ammonia, when the aosence of atiy excefl» 
jotstcid will be proreabjr the /brmation of a precipitate "w^ÄcYi f^flkm^ 
ihe wemel or agitating tbe ßnid üdla to i^dissolYe. femejvi^dA äl 
ß üimmfnm moB$ noi impeitt a blue color to it. 

F 2 
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Um», — SeHnkklonie «^xroa serres to sabdnide die groop of org 
vhkk diloc»^ oc auäam. laf^ to precfpititeT as it prodaces 
eqKtBfie» ia Mlvcäns of hfninaa»f aiki Sttnezastesw bat not in cold s 
tiuas of acetttes aad firaasedw Tbe aqoMMS soIntions of the nei 
•eecate mnd fennateof sescicox^ oc iroa exhibft an intenselv red c< 
aeMnödikride of iron ü uierefore a asefol agent for detectin|r a 
add and Ibrmie acid. Senpikhloride of iron is exceedinglj 
adapted to c&ct the deronpoKtzon of plioepliates of the alkaline et 
(fee ) 142). It serre« also tbr the detection of hjdraferrocyanic ; 
with which it pcodacef Pmaszan Uve. 

I 66. 

3. 5lTmATB OF SiLTER (Ag^O.XO,). 

Prepmrmtim^ — IHssolre 1 oart of tlie pine salt in 20 parts of wa 

Tetis, — Dilnte hTdrochlone acid mnst compietelj preci{Htate all i 
particles from solation of nitrate of sürer. whkk should have a nei 
reaction ; the fluid filtered from the precipitated chloride of silver ] 
accordinfrlT leare no residoe when eTaporated on a watch-glass, 
mnst be neither preciptated nor colored dt hTdrosnlpharic acid. 

rjTf. — Oxide of alTer fbrms with many acids soluble, with ot 
insolable Compounds. Nitrate of silrer mar therefbre senre, 
chloride of barinm, to efiect the separadon and arrangement of i 
jnto gronps. 

Most of the insoluble componnds of silrer dissolve in dilute x 
add ; chloride, bromide. iodide, and ovanide« ferrocvanide, ferricjai 
and solphide of silver are insoluble in that menstruum. Nitrat 
filrer is therefore a most excellent agent to distinsruish and sepi 
from all other acids the hjdracids corresponding to tue last enumei 
Compounds of silrer. llanj of the insoluble salts of silver exhil 
peculiar color (Chromate of silver, arsenate of silver), or manife 
characteristio deportment with other reagents or upon the applicatii 
heat (formate of silver); nitrate of silver is therefore an impoi 
agent for the positive detection of certain acids. 

§ 67. 
4. AcETATE OF Lead (Pb 0, A, enfstaüised Pb 0, A + 3 aq.) 

The best acetate of lead of commerce is sufficiendj pure ; for 
dissolve l part of the salt in 10 parts of water. 

Testf.— Sugar of lead must compietelj dissolve in water acid 
with one or two drops of acetic acid ; the Solution must be . auite < 
and colorless ; hydrosulphuric acid must throw down all fixea part 
from it. On mixing the Solution of sugar of lead with carbona 
ammonia in excess, and filtering the mixture, the filtrate must 
show a bluish tint (copperV 

üse$. — Oxide of lead rorms with a ^at many acids Compound 

aoluble in water, which are marked either by peculiarity of coh 

ebanctemüc deportment The acetate of leaa therefore produces 

eipjtatee in tbe solationa of theae acids ot ot tkou «fi\xa^ %.tA c^saeux 

coninbatee to the detectioa of aeTerai o£ tiifioi. TVixia c^oo^maXA^ 
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fer instance, is characterized by its yellow color, phoephate of lead bj 
its pecaliar deportment before the blowpipe, and malate of lead bj its 
leadj fosibility. 

§68. 

5. Nitrate of Suboxide of Mercury (Hg,0, NO,, eryttalUzed 

Hg.O, NO, + 2 aq.). 

PreparoHon, — Pour 1 part of pure nitric acid of 1'2 spec. ct. on 1 
part of pure mercurj in ia porcelain dish, and let the vessel stand 
twentj-four hours in a cool place ; separate tlie crystals fonned from the 
nndissolved mercurj and the mother liquor, and dissol ve tbem in water 
mixed with one-sizteenth part of nitric acid, by trituration in a mortar. 
Filter the Solution, and keep the filtrate in a bottle with some metallic 
mercurj covering the bottom of the vessel. 

Tests. — ^The Solution of nitrate of suboxide of mercurj must ffive with 
dilute hjdrochloric acid a copious white precipitate of subchioride of 
mercurj ; hjdrosulphuric acia must produce no precipitate jn the fluid 
filtered firom this, or at all erents onl j a trifling black precipitate (sulphide 
of mercurj). 

Uses. — Nitrate of suboxide of mercurj acts in an analogous manner to 
the correspondin^ salt of silver. In the first place, it precipitates manj 
icids, especiallj tne hjdracids ; and, in the second place, it serves for the 
detection of sereral readilj oxidizable bodies, e,ff. of formic acid, as the 
ozidation of such bodies, which takes place at the expense of the oxjgen 
of the suboxide of mercurj, is attended with the highlj characteristic 
Separation of metallic mercurj. 

§69. 
6. Chloride of Mercurt (HgCl). 

The Chloride of mercurj of commerce is sufficientlj pure. For use 
dissoive 1 part of the salt in 16 parts of water. 

Uses, — Chloride of mercurj gives with several acids, e,ff, with h jdri- 
odic acid, peculiarly colored precipitates, and maj accordinglj be used 
for the detection oi these acids. It is an important agent for the detec- 
tion of tin where that metal is in Solution in the State of protochloride ; 
if only the smallest quantitj of that Compound is present the addition 
of Chloride of mercurj in excess to the Solution is followed bj Separation 
of subchioride of mercurj insoluble in water. In a similar manner 
cUoride of mercurj serves also for the detection of formic acid. 

§70. 
7. Sülphate of Copper (Cu 0, S 0„ crystallized Cu 0, S 0„ H + 4 aq.). 

PreparaHon. — ^This reagent maj be obtained in a State of great puri^ 
from the residue remaining in the flask in the process of preparing bisul- 
phite of soda (§ 48), bj treating with water, appljing heat, filtering, 
adding a few drops of nitric acid, boiling for some time, allowing to 
crjstiQlize, and purifjing the salt bj recrjstallization. For use dissolve 
1 part in 10 parts of water, 

2kf^. — AJÜer jnrecipitaüon by hjdrosulphuric acid, «snmouvd^ ^jdAl 
gaJpbide ofammonium muat ieave the filtrate unaltered. 
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{TiTf. — Snlpbate of copper is emplojed in qualitative analysis to efiecl 
the precipitation of hjdriodic acid in the form of subiodide of copper 
For this pnrpose it is necessazr to mix the Solution of 1 part of sulphatc 
of copper with 2^ parts of sulphate of protoxide of iron, otherwise half oi 
the iodine will separate in the free State. The protoxide of iron chan^ 
in this process to sesqoioxide, at the expense of the oxygen of the oxide 
of copper, which latter is thus reduced to the State of suDoxide. Sulphate 
of copper is nsed also fbr the detection of arsenious and arsenic acids ; it 
senres likewise as a test for the soluble ferrocjanides. 

§71. 
8. Protochloridb of Tin (Sn G, tffy^//ü«f Sn Cl + 2 aq.). 

Preparatum, — Reduce grain tin to powder by means of a file, or bj 
fiising it in a small porcelain dish, removing from the fire, and trituratin^ 
with a pestle untif it has passed again to the solid State. Boil th< 
powder for some time with concentrated hydrochloric acid in a flasi 
(taking care alwajs to have an excess of tin in the vessel) until hydra 
gen gas is scarcely evolved ; dilate the Solution with 4 times the quantit] 
of water sl^htly acidulated with hydrochloric acid, and filter. Kee] 
the filtrate for use in a well-stoppered bottle containing small pieces o 
metallic tin, or some pure tin-foil. If these precautions are neglecte< 
the protocbloride will soon chan^ to bichloride^ with Separation o 
white oxychloride, which will render the reagent unfit for use. 

Tests, — Solution of protocbloride of tin must, when added to exces 
of Solution of Chloride of mercury, immediately produce a white preci 
pitate of subchloride of mercury ; when treated with hydrosulphuri 
acid it must give a dark brown precipitate ; it must not be precipitatei 
nor rendered turbid by sulphuric acid. 

Uses, — ^The great tendency of protocbloride of tin to absorb oxygen 
and thus to form binoxide, or rather bichloride — as the binoxide in th< 
moment of its formation decomposes with the i^'ee hydrochloric aci( 
present — makes this substance one of our most powerful reducin| 
agents. It is more particularly suited to withdraw part or the whole o 
the chlorine from chlorides. We employ it in the course of analysis a 
a test for mercury ; also to effect the detection of gold. 

§72. 
9. Bichloride of Platinüm (Pt C1„ <?ry«teZ/tj»rf Pt Cl, + 10 aq.). 

Preparation, — ^Treat platinum clippings, purified by boiling witl 
nitric acid, with concentrated hydrochloric acid and some nitric acid ii 
a narrow-necked flask, and apply a very gentle heat, adding occasionall 
fresh portions of nitric acid. until the platinum is completely dissolved 
Evaporate the Solution on the water-bath, with addition of hydrochlori 
acid, and dissolve the semifluid residue in 10 parts of water ibr use. 

Tests. — Bichloride of platinum must, upon evaporation to dryness ii 
the water*bath, leave a residue which dissolves completely in spirit c 
wine. 

I/Mf. — Bichloride of platinum fonns ^ety «^^Bxm^\y ^VoXAa doubl 
salts with cbJoride o{ potassium and ohlonde oi «ixmioii\\Kai)\s\iX\i^\.' 
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with Chloride of sodiom; it serves therefore to detect ammonia and 
potassa, and mar, indeed, be looked upon as our most delicate reagent 
m the latter substance in the wet way. 

§73. 

10. Sodio-Protochloride of Palladium (NaCl^PdCl). 

Dissolve 5 parts of palladium in nitrohjdrochloric acid (comp. § 73), 
add 6 parts of pure chioride of sodium, evaporate in the water-bath to 
drjness, and dissolve 1 part of the residuary double salt in 12 parts of 
water for use. The brownish Solution affords an excellent means fbr 
detecting and separating iodine. 

§74. 

11. Terchlgride of Gold (AuCl,). 

Preparatum, — ^Take fine shreds of gold, which raay be alloyed with 
alTer or copper. treat them in a flask with nitrohydrochloric acid in . 
excess. and apply a gentle heat until no more of the metal dissolyes, 
then (ulute the Solution with 10 parts of water. If the gold was alloyed 
with copper — which is known by the brownish-red precipitate produced 
bj ferrocyanide of potassium in a portign of the Solution diluted with 
water — ^mix it with Solution of sulphate of protoxide of iron in excess. 
This will reduce the terchlonde to metallic gold, which will separate in 
the form of a fine brownish-black powder ; wash the powder in a small 
flaak, and redissolve it in nitrohydrochloric acid ; evaporate the Solution 
on the water-bath, and dissolve the residue in 30 parts of water. If the 
gold was alloyed with silver, the latter metal remains as chioride upon 
treating the älloy with nitrohydrochloric acid. In that case evaporate 
the Solution at once, and dissolve the residue in water for use. 

Utes, — Terchloride of gold has a great tendency to vield up its 
cUorine ; it therefore reacüly converts protochlorides into higher chlo- 
ndes, protoxides, with the co-operation of water, into higher bxides. 
These oxidations are usually indic^ted by the precipitation of pure 
metallic gold in the form of a brownish-black powder. In the course 
(^aoalysis this reagent is used only for the detection of protoxide of 
tin, in the Solutions of which it proauces a brownish-red or purple color 
or precipitate. 

V. CoLORixo Matters and Indifferent Vegetable 

SUBSTANCES. 

§76. 

1. Test Papers. 

a. Blue LiTMUS Paper« 

Preparatian. — ^Digest 1 part of litmüs of commerce with 6 parts of 
water, and filter the Solution ; divido the intensely blue filtrate into 2 
•qoal parts ; saturate the free alkali in tbe one half hj repeatedly stirrin^ 
Witt B arUsB Tod dipped in yerj düute sulphuric acid, \m\SL ^^ <^^Qt ^ 
Üie ßmSjmt appevs red} add now the other half o{ t]lie\A\ift ^\x^\/^) Y^s^ 
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the whole fluid into a dish, and draw slip of fine unsized paper through 
it ; suspend these slips over threads, ana leave them to diy. The color 
of litmus paper must be uniform, and neither too light nor too dark. 
The paper must be readilj wetted by aqueous fluids. 

Uses. — ^The red coloring matters contained in litmus appear blue in 
the commercial article, in the aqueous extract of the same, and in the 
paper colored with it, only from the presence of alkaline bases. If 
anj one of the blue preparations comes in contact with free acid, the 
latter combines with the bases, and in consequence the proper color of 
the natural litmus appears. Litmus P&per is therefore an excellent 
means for the detection of free acids. The power of weak Tolatile acids 
to bind the alkaline bases is but transient ; hence when thej volatilize 
the blue color affain appears. It must be borne in mind that the soluble 
neutral salt« of most of the heavy metals also cause the blue color to 
change to red. 

ß. Reddened Litmus Paper. 

Preparatum, — Stir blue Solution of litmus with a glass rod dipped in 
dilute sulphuric acid, and repeat this process until the fluid has just 
tumed distinctlj red. Dip slips of paper in the Solution^ and dry them 
as in a. The dried slips must look distinctlj red. 

Uses. — ^Alkalies ana alkaline earths, and also the sulphides of their 
metals, alkaline carbonates, and the soluble salts of some other weak 
acids, especially of boracic acid, all present bases to the red coloring 
matters of litmus and occasion the formation of blue Compounds similar 
to those contained in blue litmus. Hence the reddened litmus is colored 
blue bj the Solutions of these substi^nces, and it serves for their detec- 
tion in general. Ammonia does not color litmus paper permanentlj 
blue, so on its volatilization the natural red color of the litmus 
reappears. 

y. Georgina Paper {Dahlia Paper). 

Preparatum. — Boil the violet-colored petals of Geargina purpurea 
(purple dahlia') in water, or digest them with spirit of wine, and dip slips 
of jmper in the tincture obtained. The latter should be neither more 
nor less concentrated than is necessarj to make the paper when dry 
again appear of a fine and light violet blue color. Should the color too 
much incline to red, this may be remedied by adding a very little 
anunonia to the tincture. 

Uses. — Georgina paper is reddened by acids, whilst alkalies impart a 
beautüul green tint to it. It is therefore an extremely convenient 
Substitute both for the blue and the reddened litmus paper. This 
reagent, if properly prepared, is a most delicate test both for acids and 
alkalies. Concentrated Solutions of caustic alkalies tum Geonrina paper 
yeUow by destroying the coloring matter. 

a. TuRMBRic Paper. 

6 x^fl^^i'^T^'l "^^ Hu ^ P.^ ^^ ^"^d *^™^c root with 
ororts ot weak spunt of wme, filter the tincture obtained atiH Hir. «i!™. 

anif, mey must be readily wetted by aqui^xia fiLxiid&. ^ 
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{/j0f . — ^Tonneric paper serves the same as reddened litmus paper and 
dahlim paper for the detection of free alkalies, &c,, as thej cnange its 
TeDow coior to brown. It is not so delicate as the other test papers ; 
hat the change of color is highly characteristic, and is very distinctlj 
perceptible with many colored fluids ; we therefore cannot well dispense 
with this paper. When testing with turmeric paper it is to be borne in 
mind that, oesides the substances enumerated in ß, other bodies (boracic 
•eid, for instance) possess the property of turning its yellow color to 
red, more especially on drying. It anords an excellent means for the 
detection of ooracic acid. 

All test papers are cnt into slips^ which are kept in small well- 
closed boxes^ or in bottles covered with black paper^ as continued action 
of hght destroys the color. 



2. Solution of Indigo. 

Preparatian. — ^Take from 4 to 6 parts of fumins^ sulphuric acid, add 
dowly and in small portions at a üme 1 part of finely-pulverized indigo, 
taking care to keep the mixture well stirred. The acid at first acquires 
t brownish tint from the coloring matter mixed with the indigo blue, 
bat it sabsequently tums deep bme. Elevation of temperature to auy 
eoQsiderable extent must be avoided, as part of the indigo blue is 
tbereby destroyed ; it is therefore adyisable when dissolving large quan- 
tities of the substance to place the vessel in cold water. When the whole 
of the indigo has been aaded to the acid, coyer the yessel, let it stand 
for^-eight hoars, then pour its content« into 20 times the quantity of 
v&ter, mix, filter, and keep the filtrate for use. 

üses. — Indigo is decomposed by boiling with nitric acid, yellow- 
eolored oxidation products being rormed. It serves therefore for the 
detection of nitric acid. Solution of indigo is also well adapted to effect 
the detection of chloric acid and of free chlorine. 



B. EEAGENTS IN THE DRY WAY. 

I. Fluxes and Decomposinq Aoents. 

1. Mixtürb of Carbonate of Soda and Carbonate of Potassa 

(NaO,CO, + KO,CO,). 

Preparatian. — ^Digest 10 parts of purified bitartrate of potassa in 

fowder with 10 parts of water and 1 part of hydrochloric acid for several 
onrs on the water-bath, with frequent stirnng ; put the mass into a 
fbnnel with a small filter in the point ; let it drain ; cover with a diso 
of rather difBcnltly permeable filtering paper with uptumed edges, and 
wash bj repeatedl]^ pooring upon this small quantities of cold water ; 
eontinue this wasmng process until the fluid running off is no longer 
rendeted turbid by Solution of nitrate o{ silver, after additiou oi u\\m 
add. IVf tÄö iatartrate of potassa freed in this mannet itom ^m«^ Vjß^'^^ 
pbotphorw add). It iß now neoeasary to prepare pure nitcax«^ oi -^Xäjm»:. 
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To effect this, dissolve nitrate of potassa of commerce in half its weight 
of boiline^ water, filter the Solution into a porcelain or stoneware dish^ 
using a not ^nnel, and stir it well witli a clean wooden or porcelain 
spatula until cold. Transfer the crystalline powder to a funnel looselj 
stopped with cotton wool, let it drain, press down tight, make even 
at the top, Cover with a double diso ol difficultly permeable filtering 
paper with uptumed edges, and pour upon this at proper intenrals 
small portions of water untu the washings are no longer made turbid 
by Solution of nitmte of silver. Empty now the contents of the funnel 
into a porcelain dish, dry in this vessei, and reduce the mass to a fine 
powder. 

Mix now 2 parts of the pure bitartrate of potassa with 1 part of 
the pure nitrate of potassa ; project the perfectly dry mixture in small 
portions at a time mto a clean-scoured cast-iron pot heated to gentle 
redness ; when the mixture has deflagrated heat strongly until a sample 
gives with water a perfectly colourless Solution. Triturate the charred 
mass with water, filter, wash slightly, and evaporate the filtrate in a 
porcelain or, better still, in a silver dish, until the fluid is covered with 
a persistent pellicle. Let the mixture now cool, with constant stirring; 
put the crystals of carbonate of potassa on a funnel, let them well drain, 
wash slightly, dry thorou^ly in a silver or porcelain dish, and keep* in 
a well-stoppered bottle. The mother liquor leaves upon evaporation a 
sah which, though containing traces of alumina and silicic acid, may 
still be turned to account for many purposes. 

Mix 13 parts of the pure carbonate of potassa prepared in the manner 
just now described with 10 parts of pure anbydrous carbonate of soda, 
and keep the mixture in a well-stoppered bottle. The mixture of car- 
bonate of potassa and carbonate of soda may also be prepared by defla- 
grating 20 parts of pure bitartrate of potassa with 9 parts of pure 
nitrate of soda, treating with water, anct evaporating the Solution to 
dryness. Or by igniting pure tartrate of potassa and soda, extracting 
the carbonaceous mass with water, and evaporating the clear Solution to 
dryness. 

Tests. — The purity of the mixed salt is tested as directed § 46. To 
detect any trace of Cyanide of potassium that may happen to be present, 
add a little of a Solution of proto-sesquioxide of iron, then hydrochloric 
acid in excess, when the bluish-green coloration of the fluid and the 
formation of a blue precipitate after a time will indicatethe presence of 
Cyanide of potassium. 

üses. — It silicic acid or a Silicate is fused with about 4 parts (con- 
sequently with an excess) of carbonate of potassa or soda, carbonic acifi 
escäpes with effervescence, and a basic alkaline Silicate is formed, which, 
being soluble in water, may be readilyseparated from such metallic oxides 
as it may contain in admixture ; from this basic alkaline Silicate hydro- 
chloric acid separates the silicic acid as hydrate. If a fixed alkaline 
carbonate is fused together with sulphate of baryta, strontia, or lime, 
there are formed carbonates of the alkaline earths and sulphate of the 
alkali, in which new Compounds both the base and the acid of the 
originally insoluble salt may now be readily detected. However, we do 
not use either carbonate ot potassa or carbonate of soda separately to 
effect the decomposition of the insoluble Silicates and sulphates ; but we 
sppJf for thiB purpoae the above-deacribed mixtuiTe of both, because this 
mixture requires a &r lower degree of lieat tot fAsoou lih'voL ^\^^\ ^Wxa 
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two components, and thus enables us to conduct the Operation over a 
fierzeliiia lamp, or OTer a simple gas-lamp. The fiision with alkaline 
earbonates is invariablj effected in a platinum cmcible, provided no 
redncible metallic ozides be present. 

h77. 

2. Hydrate of Baryta (Ba 0, HO). 

Preparatian. — ^The crjstals of barjta prepared in the manner directed 
S 36 are heated gendj in a silver or platinum dish, until the water of 
eiystallization is completelj expelled. The residuary white mass is 
puTerized, and kept for use in a well-closed bottle. 

Utes. — Hydrate of baryta fiises at a gentle red heat without losing 

its water. lipon fusing Silicates which resist decomposition by acids 

lo^[ether with about 4 times their weight of hydrate of baryta, basic 

nhcates are formed which acids will decompose. If, therefore, the fnsed 

mass is treated with water and hydrochloric acid, the Solution evaporated 

to ^yness, and the residue digested with dilute hydrochloric acid, the 

slicic acid is left behind, and tne oxides are obtained in Solution in the 

ioirm of Chlorides. We use hydrate of baryta as a flux when we wish to 

test Silicates for alkalies. This reagent is preferable as a iiux to the cair- 

bonate or nitrate of baryta, since it does not require a very high tempe- 

ntore for its fusion, as is the case with the carbonate, nor does it cause 

Bny spirting in the fusing mass, arising from disengagement of gas, as 

is the case with the nitrate. The Operation of fusing with hydrate of 

Wyta is conducted in silver or platinum crucibles. 

§ 78. 

3. Fluoride of Calcium (CaF). 

Take fluor-spar as pure as can be procured and, more particularly, free 
from alkalies, reduce to fine powder, and keep this for use. 

üse$, — Fluoride of calcium applied in conjunction with sulphuric acid 
innres to effect the decomposition of Silicates insoluble in acids, and more 
^spedally to detect the alkalies which they contain. Compare Section 
UI. aüieie aeid, h UO. 

§ 79. 

4. Nitrate of Soda (Na 0, NO J. 

Pnparati4m, — Neutralise pure nitric acid with pure carbonate oFsoda 
exactly, and evaporate to crystallization. Dry the crystals thoroughly, 
triturate, and keep the powder for use. 

Tests. — A Solution of nitrate of soda must not be made turbid by 
lolntion of nitrate of silver or nitrate of baryta, nor precipitated by 
carbonate of soda. 

Uses, — ^Nitrate of soda serves as a very powerful oxidizing agent, by 
yielding oxygen to combustible substances when heated with tnem. W e 
ose this reagent prindpaJJj to coDvert several metaUic «uVi^\i\de>%, «sA 
more pmrtümJarJjr tbe eulpbides of ün, antimony , and araemc, iuXA oiaAl^^ 
MadMdds/ ako to eßhct tbe rapid and complete combuatioii oi oi^gMaa 
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substances. For the latter purpose, however, nitrate of ammonia is 
sometimes preferable ; it is prepared bj saturatin^ nitric acid with 
carbonate of ammonia. 

§ 80. 
6. Acid Sulphate of Potassa (KO, HO, 2 SO,). 

Preparatian. — Mix 87 parts neutral sulphate of potassa (§ 42) with 
49 parts pure concentrated sulphuric acid m a platinum dish or large 
platinum crucible, heat to low redness tili the mass is in a State of calm 
msion, then pour out into a platinum dish placed in cold water, or onto 
a piece of porcelain, break the cake into smaller pieces and keep for use. 

Tests, — The acid sulphate of potassa must dissolve in water with ease 
to a clear fluid with a strong acid reaction. The Solution must not be 
rendered turbid or precipitated by hydrosulphuric acid or by ammonia 
and sulphide of ammonium. 

Uses. — The acid sulphate of potassa at the temperature of fusion 
dissolves and decomposes many bodies, which cannot be dissolved and 
decomposed by acids in the wet wav without considerable difficulty, such 
as ignited alumina, titanio acid, cnrome ironstone, &c. This, reagent 
therefore, is of service in efFecting the Solution or decomposition of such 
bodies. The fusion is preferably effected in platinum vessels. 

II. Blowpipe Reagents. 

§ 81. 

1. Carbonate of Soda (Na 0, C 0,). 

Preparation, — See § 46. 

üses, — Carbonate of soda serves, in the first place, to promote the 
reduction of oxidized substances in the inner flame of the blowpipe. In 
liising it bringe the oxides into the most intimate contact with the char- 
coal Support, and enables the flame to embrace every part of the substance 
under examination. With salts of the heavy metals the reduction is 
preceded by Separation of the base. It co-operates in this process also 
chemically by the transposition of its constituents (according to R. 
Waqner, in consequence of the formation of Cyanide of sodium). 
Where the quantity operated upon was very minute, the reduced metal 
is oflen found in the pores of the charcoal. In such cases the parts sur- 
rounding the cavity which contained the substance are dug out with a 
knife, and triturated in a small mortar ; the charcoal is then washed off 
irom the metallic particles, which now become visible either in the form 
of powder or as small spangles, as the case may be. 

Carbonate of soda serves, in the second place, as a solvent. Platinum 
wire is the most convenient support for testing the solubility of substances 
in fusing carbonate of soda. A few only of the bases dissolve in fusing 
carbonate of soda, but acids dissolve in it with iacility. Carbonate of 
soda is also applied as a decomposing agent and flux, and more particu- 
larly to eflect the decomposition of Uie insoluble sulphates, with which 
it exchanges acids, the newlv-fbrmed sulphate of soda being reduced at 
the same time to sulphide of sodium ; ana to effeet the decomposition of 
sulphide ofarsenio, with whioh itfbrms a double sulphide of arsenicand 
aocuum^ and arsenite or araenate of soda, thua conYerting it to a State 
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whieh permits its sabsequent reduction by hjdrogen. Carbonate of soda 
also is the most sensitive reagent in the dry way for the detection of 
manganesey as it prodnces when fused in the outer flame with a substance 
eontaining manganese a green opaqae bead^ owing to the fonnation of 
manganate of soda. 

§ 82. 

2. Cyanide of Potassium (K Cy). 

Preparatian. — See § Ö4. 

Use9. — Cyanide of potassium is an exceedingly powerful reducing 
agent in the dry way; indeed it excels in its action almost all other 
reagents of the same class, and separates the metals not only from most 
oxygen Compounds, but also from many sulphur Compounds. This 
reaaction is attended in the former case witn fonnation of cyanate of 
potassa, by the absorption of oxygen^ and in the latter case with fonna- 
tion of sulphocyanide of potassium, by the taking up of sulphur. By 
means of tnis reagent we may effect the reduction of metals from their 
Compounds with the greatest possible facility ; thus we may, for instance, 
produce metallic antimony from antimonious acid or from sulphide of 
antimony, metallic iron from sesquioxide of iron, &c. The readiness 
with which Cyanide of potassium enters into fusion facilitates the reduc- 
tion of the metals greatly ; the process may usually be conducted even 
in aporcelain cruciole over a spirit or gas lamp. Cyanide of potassium is 
a most valuable and important agent to eifect the reduction of binoxide 
oftin, antimonic acid, and more particularly of tersulphide of arsenic. 
Cyanide of potassium is equally important as a blowpipe reagent. Its 
action is exceedingly energetic ; substances like binoxide of tin, the 
reduction of which by means of carbonate of soda requires a tolerably 
itrong flame, are reauced by Cyanide of potassium with the greatest 
&ciUty. In blowpipe experiments we invariably use a mixture ot equal 
parts of carbonate of soda and Cyanide of potassium ; the admixture of 
carbonate of soda is intended here to check in some measure the excessive 
fimbility of the Cyanide of potassium. This mixture of Cyanide of 
potassium with carbonate of soda, besides being a far more powerful 
ledncing agent than the simple carbonate of soda, has moreover this 
great aayantage over the latter, that it is absorbed by the pores of the 
charcoal with extreme facility, and thus permits the production of the 
metallic globales in a State of the greatest purity. 

§83. 

3. Bl BORATE OF SoDA. BOTOX. 

(NaO, 2B0„ erystallized + 10 aq.). 

The purity of commercial borax may be tested by adding to its Solu- 
tion carbonate of soda or, after previous addition of nitric acid, Solution 
of nitrate of baryta or of nitrate of silver. The borax may be consi- 
dered pure if these reagents £eu1 to produce any alteration in the Solu- 
tion; rat tf either of them causes the formation of a precipitate, or 
lenders the fluid turbid, recrystallization is necessary. The pure crys- 
^taUiied borax is exposed to a genüe heat^ in a platinum <;niß\bl^, \mtiL 
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it ceases to swell ; it is then left to cool^ and afterwards polverized and 
kept ibr use. 

üses. — Boracic acid manifests a great affinitjr for oxides when brought 
into contact with them in a State of ^sion. Tliis affinity enables it, in 
the first place, to combine directly with oxides ; secondlj^ to expel 
weaker acids firom their salts ; and, thirdly, to predispose metals, snl- 
phides, and haloid Compounds to oxidize in the outer flame of the blow- 
pipe, that it may combine with the oxides. Most of the thus produced 
Dorates fiise readily, even without the aid of a flux, bat far more so in 
conjunction with borate of soda ; the latter salt acts in this Operation 
either as a mere flux, or by the formation of double salts. Now in the 
biborate of soda we have both free boracic acid and borate of soda ; the 
Union of these two substances renders it one of our most important 
blowpipe reagpents. In the process of fnsing with borax we usually 
select platinum wire for a support ; the loop of the wire is moistened or 
heated to redness, then dipped into the powder, and exposed to the outer 
flame ; a colorless bead ot msed borax is thus produced. A small por- 
tion of the substance is then attached to the bead, by bringins* the latter 
into contact with it whilst still bot or having previously moistened it 
The bead with the substance adhering to it is now exposed to the gas 
or blowpipe flame, and the reactions are observed. The following points 
ought to De more particularly watched : — (1) Whether or not uie sub- 
stance dissolves to a transparent bead, and whether or not the bead 
retains its transparency on cooling ; (2) whether the bead exhibits a 
distinct color, wnich in many cases at once clearly indicates the indi- 
vidual metal which the substance contains ; as is tne case^ for instance, 
with cobalt ; and (3) whether the bead manifests the same or a diflerent 
deportment in the outer and in the inner flame. Reactions of the 
latter kind arise from the ensuing reduction of higher to lower oxides, 
or even to the metallic state^ and are for some suostances particularly 
characteristic. 

§84. 

4. Phosphate of Soda and Ammonia. Mieraeomnio Salt. 

(NaO, N H,0, H 0, P 0„ erystaUised + 8 aq.). 

Preparation, — a. Heat to boiling 6 parts of phosphate of soda and 1 
pärt 6f pure chloride of ammonium with 2 parts of water, and let the 
Solution cool. Free the crystals produced ot the double phosphate of 
soda and ammonia from the chloride of sodium which adheres to them 
by recrystallization, with addition of some Solution o/ ammonia. Dry 
the purified crystals, pulverize, and keep for use. 

k Take 2 equal parts of pure tribasic phosphoriö acid, and add solu- 
tion of soda to the one, Solution of ammonia to tie other, until both 
fluids have a distinct alkaline reaction j mix the two together, and let 
the mixture crystallize. 

TesU, — Phosphate of soda and ammonia dissolves in water to a fluid 
with feebly alkaline reaction. The yellow precipitate produced in this 
fluid by nitrate of silver must completely dissolve in nitric acid. Upon 
fusion on a platinum wire, microcosmic salt must give a clear and color- 
less bead. 

Uses.—On heating phosphate of soda and ammonia the ammonia 
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escapes with the water of crystallization, leaying acid pjrophosphate of 
8oda (Na 0, H 0^ P 0.) ; upon heating more stronglj the last equiva- 
fentof water escapes Iikewise, and readil j fiisible metaphosphate of soda 
(NaO, PO^) is left behind« The action of microcosmic salt is quite 
inilc^oiis to diat of biborate of soda. We prefer it, however, in some 
eases to borax as a solvent or flux, the beads which it forms with manj 
mbstances being more beautifiillj and distinctly colored than those of 
borax. Platinum wire is also used for a support in the process of flux- 
mg with microcosmic salt ; the loop must be made small and narrow, 
otnerwiae the bead will not adhere to it. The Operation is conducted 
as directed in the preceding paraj^ph. 

§ 8Ö. 

5. Nitrate of Protoxide dp Cobalt (CoO,NO„ crystdllized + 

ö aq.). 

Prq^aration. — Fuse in a Hessian crucible 3 parts of acid sulphate of 
potassa, and add to the fused mass, in small portions at a time, 1 part 
of well-roasted cobalt ore (the purest zafire jou can procure) reduced to 
fine powder. The mass thickens^ and acquires a pastj consistence. 
Hett now more stronglj until it has become more fluid again, and con- 
tbme to apply heat until the excess of sulphuric acid is completely ex- 
pelled, and the mass accordinglj no longer emits white fumes. Remove 
Üie fbsed mass now from the crucible with an iron spoon or spatula, let 
it cool, and reduce it to powder ; boil this with water until tue undis- 
sohed portion presents a soft mass ^ then filter the rose-red Solution, 
which is free from arsenic and nickel, and mostly also from iron. Add 
to the filtrate a small quantity of carbonate of soda, so as to throw down 
AJittle carbonate of protoxide of cobalt, boil, and lilter. Precipitate 
the Solution, which is now free from iron, boiling with carbonate of 
loda, wash the precipitate well, and treat it still meist with oxalic acid 
in excess. Wash the rose-red Oxalate of protoxide of cobalt thoroughly, 
drj, and heat to redness in a glass tube, in a current of hjdrogen gas. 
Tlus decomposes the Oxalate into carbonic acid, which escapes, and 
netallic cobalt, which is left behind. Wash the metal, first with water 
containing acetic acid, then with pure water, dissolve in dilute nitric 
•dd, treat — ^if necessary — with hydrosulphuric acid, filter the fluid from 
the solphide of copper, (ibc., whicn may precipitate, evaporate the Solu- 
tion in the water-bath to dryness, and dissolve 1 part of the residue ii^ 
10 parts of water for use. 

Tats» — Solution of nitrate of protoxide of cobalt must be free from 
other metals, and especially also nrom salts of the alkalies ; when preci- 
pitated with sulphide of ammonium, and filtered, the filtrate must upon 
eraporation on platinum leave no fixed residue. 

Uie$, — Protoxide of cobalt forms upon ignition with certain infusible 
bodies (oxide of zinc, alumina) peculiarly coloured Compounds, and may 
aocordingly serve for their detection. 
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SECTION III. 

REACnONS, OR DEPORTMENT OF BODIES WITH BEAGENTS. 

§86. 

I 8TATED in mj introductx)rj remarks that the Operations and expe- 
riments of qualitative analjsis have for their object the conversion of 
the unknown constituents of anj given Compound into forme of which 
we know the deportment. relations, and properties, and which will 
accordingly permit us to draw correct inferences regardins' the several 
constituents of which the analysed Compound consists. Tne greater or 
less value of such analjtical experiments, like that of all other inquiries 
and investigations, depends upon the greater or less deeree of certainty 
with which thej lead to definite results, no matter whemer of a positive 
or negative nature. But as a question does not render us anj the 
wiser if we do not know the lan^uage in which the answer is retumed^ 
so in like manner will analjtical investigations prove unavailing' if we 
do not understand the mode of expression in wnich the desired infbr- 
mation is conveyed to us ; in other words, if we do not know how to 
interpret the phenomena produced by the action of our reagents upon 
the substance examined. 

Before we can therefore proceed to enter upon the practical inves- 
tigation of analjtical chemistr j, it is indispensable that we should reallj 
possess the most perfect knowledge of the deportment, relations, and 
properties of the new forms into which we intend to convert the sub- 
stances we wish to analjse. Now this perfect knowledge consists, in 
the first place, in a clear conception and comprehension of the condi- 
tions necessarj for the formation of the new Compounds and the mani- 
festation of the various reactions ; and in the second place, in a distinct 
impression of the color, form, and phjsical properties which charac- 
terize the new Compound. This section of the work demands therefore 
not onlj the most careful and attentive study, but requires moreover 
that the Student should examine and verÜj by actual experiment every 
iact apserted in it. 

The method usually adopted in elementary works on chemistry is to 
treat of the various suostances and their deportment with reagents in- 
dividually and separately, and to point out tneir characteristic reactions. 
I have, however, in the present work deemed it more judicious and 
better adapted to its elementary character, to arrange Üiose substances 
which are in many respects analogous into g^oups, and thus, by com- 
paring their analogies with their (ßfferences, to place the latter in the 
clearest possible light. 

A. — ^Dkpohtment of the Metallic Oxides and 

OF THEIH RaDICALS. 

§87. 

Before proceedinff to^e special study of the several metallic oxides 
I give here a general view of the whole of them classified in groups— ' 
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showing- which oxides belong* to each group. The grounds upon which 
the Classification has been arranged will appear from the special consi- 
deration of the several groups. 

First group — 

Potassay soda, ammonia (oxide of caesinm, oxide of rubidium^ lithia). 

Second group — 

Bar^ta, strontia, Urne, magnesia, 

Third group — 

Jluminaj sesquioxide of ehromium (berylla, thoria, zirconia, yttria, 
oxide of erbium, oxides of cerium, lanthanium^ didymium^ titanium, 
tantalium, niobium). 

Fourth group — 

Oxides of zinc^ manffonese, nickel, eobalt, iron (of uranium^ thallium^ 
indiuuiy vanadium). 

Fifth group — 

Oxides of silvery mercury^ lead, hismuth, eopper^ eadmium (of palladium, 
rhodium, osmium^ ruthenium). 

Sixth groups 

Oxides ana acids of gold^ platinum^ tin, tmtimony^ arsenio (of iridium, 
molybdenum, tellurium, tungsteu, selenium). 

Of these metallic oxides only those printed in italics are found dis- 
tribated extensively and in large quantitiesin thatportion ofthe earth's 
CDut which is accessible to our investigations ; these are therefore most 
ii^rtant to chemistry, arts and manufactures, agriculture, pharmacy^ 
ie, ; and we shall therefore dwell upon them at greater len^i^-th. Tue 
remainder are more briefiy considered in paragrapns printed in smaller 
type, which may be passed over by the younger class of students of 
ftnalytical chemistry. The properties and reactions of the metals them- 
ielves I have given only in the case of those that are more irequently 
niet with in the metallic State in analytical Operations. 



§88. 

FIRST GROUP. 

More common oxides: — Potassa, Soda, Ammonia. 

Rarer oxides :— Oxide of C^esium^ Oxide of Rubidium, 
Lithia. 

Pn^perties of the group, — ^The alkalies are readily soluble in water, as 
well in the pure or caustic State as in the form of sulphides, carbonates, 
and phosphates. (The salts of lithia, however, dissolve with difficulty.) 
Accordingly the alkalies do not precipitate one another in the pure State, 
oor as carbionates or phosphates (which in the case of lithia, however, 
presupposes a higher degree of dilution of the Solutions), nor are they 
precipitated by hydrosulphuric acid imder any condition whatever. The 
Solutions of the pure alkalies as well as of their sulphides and carbonates 
restore the blue color of reddened litmus-paper, and impart an intensely 
brown tint to turmeric paper. 



Q 



82 * POTASSA, [§ 8a 

Special Beaetions of the more common Oxides qf theßrst group. 

§89. 

a. POTASSA (KO). 

1. PoTASSA and its hybrate and salts are not volatile at a fiednt 
red-heat. Potassa and its hjdrate delimiesce in the air; the oilj 
liauids formed absorb carbonic acid rapidly from the air^ but without 
solidifjing. 

2. Nearly the whole of the salts of potassa are soluble in water 
Those with colorless acids are colorless. The neutral salts of potassa 
with strong acids do not alter ve^etable colors. Carbonate of potassa 
crystallizes (in combination with TJ equivalcnts of water) with difficulty, 
and deliquesces in the air. Sulphate of potassa is anhydrous and suffers 
no alteration in the air. 

3. BicUoride of platinum produces in the neutral and acid Solutions a 
yellow crystalline heavyprecipitateof bichloride of platinum and 
CHLORIDE OF POTASSIUM (potossio-bichloride of platinum) (K Cl, PtCl,). 
In concentrated Solutions this precipitate separates immediately upon 
the addition of the reagent : in dilute Solutions it fonns only aller some 
time, often after a consideruble time. Very dilute Solutions are not pre- 
cipitated by the reagent. The precipitate consists of octahedrons dis- 
cernible iinder the microscope. Alkaline Solutions must be acidillBd 
with hydrochloric acid before the bichloride of platinum is added. The 
precipitate is diflicultly soluble in water ; the presence of free acids does 
not ^atly increase its solubility ; it is insoluble in alcohol. Bichloride 
of platinum is therefore a particularly delicate test for salts of potassa 
dissolved in spirit of wine. The best method of applying this reagent 
is to evaporate the aqueous Solution of the potassa salt with bichloride 
of platinum nearly to dryness on the water-bath, and to pour a little 
water over the residue (or, better still, some spirit of wine, pronded no 
substances insoluble in that menstruum be present), when tue potassio- 
bichloride of platinum will be lefk undissolved. Care must be taken not 
to confound tnis double salt with ammonio-bichloride of platinum, which 
greatly resembles it (see § 91, 4). 

4. Tartaric acid produces in neutral or alkaline* Solutions—^ white, 
quickly subsidin^, granulär crystalline precipitate of acid tartratb 
OF POTASSA (K 0, H 0, CgH^Oj^). In concentrated Solutions this pre- 
cipitate separates immediately ; in dilute Solutions often only after the 
lapse of a considerdble time. Vigorous shaking or stirring of the fluid 
greatly promotes its formation. Very dilute Solutions are not precipi- 
tated by this reagent. Free alkalies and free mineral acids dissolve tne 
precipitate ) it is sparingly soluble in cold, but pretty readily soluble in 
not water. In acid Solutions the free acid must, if practicaule, first be 
expelled by evaporation and ignition, or the Solution must be neutralized 
with soda or carbonate of soda. 

Acid tartrate of soda answers still better as a test for potassa than free 
tartaric acid. The reaction is the same in kind, but dinerent in degree, 
being much more delicate with the sali than with the free acid, since 
where the former is used the soda salt of the acid combined with the 

' To alkaline «oiationt iht reagent mtut be »Äded v&VSV >&m fL^oäd «ko^ra a ttrongly 
M4dd roactioa» 
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potassa is formed, whereas where free tartaric acid is the test applied 
die hydrate of the acid combined with the potassa is formed, which tends 
to increase the dissolving action of the water present upon the acid tar- 
trate of potassa, and thus to check the Separation of tlie latter (K 0, N 0. 
+ Na O, H 0, C.H,0,, = K 0, H 0, Cflß^^ + Na 0, IS 0.). 

5. If a potassa salt which is volatile at an intense red heat is held 
on the loop of a fine platinum wire in the fiising zone of the Bunsen 
güt-Uamp (p. 23), the salt volatilizes, and imparts a blue violet tiht 
to the part of the flame above the sample. Chloride of potassium and 
nitrate of potassa volatilize rapidlj, tne carbonate and sulphate less 
rapidlj, ana the phosphate still more slowly ; but they all of them dis- 
tiDetly show the reaction, thoug^h decreasin^ in degrce. If it is wished 
to obtain a more uniform manilestation of the reaction, i,e. a manifesta- 
tion independent of the nature of the acid that may chance to be com- 
bined with the potassa, the sample need simply be moistened with sul- 
phnric acid, dried at the border of the flame, and then introduced into 
the fiising zone. With Silicates, and other Compounds of potassa of 
difficolt volatility, the reaction may be ensured uy fusing the sample 
first with pure gypsum, as this serves to form Silicate of lime and sul- 
phate of potassa, wnich latter salt then readily colors the ilame. Decre- 
pitatinsf salts are ignited in a platinum spoon before they are attached 
to the Toop. The sample of the potassa salt may also be held before the 
tpex of the inner Uowpipeßame produced with a spirit-lamp. Presence 
(na salt of soda completely obscures the potassa coloration of the flame. 
The spectrum of the potassa flame produced by the spectroseope 
(p. 28, or p. 29) is shown on Table I. It contains two characteristic 
lines, the red line a and the indigo blue line /3. If the potassa flame is 
obfierved through the indigo prism (p. 27) the coloration appears sky- 
bliie, violet, and at last intensely crimson, cven through the thickest 
kjers of the Solution. Admixtures of lime, soda, and lithia Compounds 
do not alter this reactibn, as the yellow rays cannot penetrate the indigo 
Solution, and the rays of the lithia flame also are only able to pass 
through the thinnerlayers of that Solution, but not through the thicker 
larers ; the exact spot where the penetrating power of tue rays of the 
lithia flame ceases has to be marked by the Operator on Ins indigo 
prism. But organic substances which impart luminosity to the flame 
might lead to mistakes, and must therefore, if present, flrst be removed 
hr combustion. Instead of the indigo prism a blue glass may be used; 
ii lithia is present the glass must be sufiiciently thick tb keep out the red 
lithia rays. 

6. If a salt of potassa (chloride of potassium answers best) is heated 
with a small quantity of water, aUohol (burning with colorless flame) 
sdded, heated, and then kindled, the flame appears violet. Tbe pre- 
sence of soda obscures this reaction, which is altogether much less 
delicate than the one described in 5. 

§00. 

h. Soda (Na 0). 

1. Soda and its htdrate and salts present in geneT^l t\i^ ^m^ 
properties aad reactioBs as potassa and its corresponding com'^oxm.dA. 
2ie mlj ßuid wbieh soda forma by deliquescing in tlie «it Tftw>M&^% 

a 2 
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speedily by absorption of carbonic acid. Carbonate of soda crystallizes 
readily; the crystals (Na 0,C 0, + 10 aq.) effloresce rapidly when 
exposed to tbe air. The same applies to the crystals of sulphate of 
soda (Na 0,S 0, + 10 aq.) 

2. If a sufliciently concentrated Solution of a soda salt with neutral 
or alkaline reaction is mixed, for greater convenience, in a watch-glass, 
with a Solution of granulär antimonate of potassa prepared according to 
the directions of § öl, the mixture remains clear at first, or appears 
only slig-htly turbid ; but upon rubbing the part of the glass wetted by 
the fluid with a fflass rod, a crystalline precipitate of antimonate of 
SODA (Na 0, Sb -f 7 aq.) speedily separates, which makes its appear- 
ance first along tue lines rubbed witn the rod, and subsides from the 
fluid as a heavy sandy precipitate. From dilute Solutions of soda salts 
the precipitate separates only after some time, occasionally as much as 
twenre hours. From very dilute Solutions it does not separate at all. 
The precipitated antimonate of soda is invariäbly crystalline. Where it 
has separated slowly it occasionally consists of well-formed microscopic 
cubic octahedrons, out more frequently of four-sided columns tapenng 
pyramid fashion ; where it has separated promptly, it appears m the 
form of small boat-shaped crystals. Presence of larg^ quantities of 
salt« of potassa interferes very considerably with the reaction. Acid 
Solutions cannot be tested with antimonate of potassa, as free acids 
will separate from the latter substance hydrated antimonic acid or acid 
antimonate of potassa. It is indispensable therefore, before adding the 
reagent, to remove, if possible, the free acid by evaporation or ignition, 
or where this is not practicable, by neutralizing' the acid Solution with a 
little carbonate of potassa until the reaction is reebly alkaline. It should 
also be borne in mind that only such Solutions can be tested with anti- 
monate of potassa which contain no other bases besides soda and potassa. 

3. If salts of soda are held in the ^sing* zone of the Bunsen gas- 
lampj or in the inner spirit blatvpipe ßame^ they show, with regurd to 
their relative volatility and the action of decomposing agents upon them, 
a similar deportment to the salts of potassa ; the soda salts are, how- 
ever, a little less volatile than the corresponding potassa salts. But the 
most characterisüc sign of the presence of soda salts is the intensb 
YELLOw coloration which they impart to the flame. This reaction 
will effect the detection of even the m mutest quantities of soda^ and is 
not obscured even by the presence of large quantities of potassa. 

The spectrum (Table I.) shows only a single yellow line u in an 
ordinary spcctroscope, but with a very powerful apparatus two lines will 
be visible distinctly, although they are exceedingly close to each other. 
The reaction is so delicate that the chloride of sodium contained in 
atmospheric dust generally suffices to give a soda spectrum^ although a 
faint one. 

It is characterislic of the soda flame that a crystal of bichromate of 
potassa appears colorless in its light, and that a slip of paper coated 
with iodide of mercury appears white with a faint shade of yellow 
(Bunsen); also that it looks orange yellow when observed through a 
green glass (Merz^, These reactions are not obscured by presence of 
salts of potassa, hthia, and lime. 

4. It salts of soda (chloride of sodium answers best) are treated as 
ßtated p. 83, 6, tbe alcohol jUmt ia coIot^A va^feTi'BfcX^ ^iba*\*o^ , T^^ 

presence ofa potassa salt does not impaii Üie diB\mcXii»a» oi \!iDüaT%%f^>5L^Tx, 
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5. Biehloride of platiimm produces no precipitate in neutral or acid 
solations of soda salts. Sodio- biehloride of platinum dissolves readily 
hoth in water and in spirit of wine ; it crystallizes in rosy prisms. 

6. Tartaric aeid and aeid tartrate of soda fail tx) precipitate even con- 
centrated neutral Solutions of soda salts. 



§91. 
e. Ammonja (NH^O). 

1. Anhydrous ammonia (N H,) is ^aseous at the common tempera- 
tore ; but we have most frequently to deal with it in its aqueous Solution, 
in which it betrays its presence at once by its penetrating* oiior. It is 
expelled from this Solution by the application of heat. 1 1 maj' be assumed 
that the Solution contains it as oxide of ammonium (N H^) (see § So). 

2. All the SALTS OF ammonia are volatile at a low heat, either with 
or without decomposition. Most of them are readily soluble in water. 
The Solutions are colorless. The neutral Compounds of ammonia with 
strong acids do not alter ve^e table colors. 

3. If salts of ammonia are triturated tog;ether with hydrate of Urne, 
best with the addition of a few drops of water, or are, either in the solid 
State or in Solution, heated with Solution oipotassa or of soda, the ammonia 
is liberated in the gaseous State, and betrays its presence — 1, by its 
characteristic odor ; 2, by its reactiox on moistened test-papers ; and 
3, by giving rise to the formation of white fumes when any object 
(«^. a glass rod) moistened with hydrochloric acid, nitric acia, acetic 
arid, or any of the volatile acids, is brought in contact with it. These 
fiimes arise from the formation of solid ammoniacal salts produced by 
the contact of the gases in the air. Hydrochloric acid is the most 
delicate test in this respect ; acetic acid, however, admits less readily 
of a mistake. If the expulsion of the ammonia is efFected in a smail 
beaker, best with hydrate of lime, with addition of a very little water, 
and the beaker is covered with a watch-glass having a slip of moistened 
tarmeric or reddened litmus paper attached to the centre of the convex 
side, the reaction will show tue presence of even very minute quantities 
of ammonia 3 only it is not immediate in such cases, but requires some 
time for its manifestation. It is promotcd and accelerated by application 
of a gentle heat. 

4. Biehloride of platinum shows the same deportment with salts of 
ammonia as with salts of potassa; the yellow precipitate of bighloride 

OF platinum and CHLORIDE OF AMMONIUM (IS H Cl,Pt GL) COUSistS, 

like the corresponding potassium Compound, of octahedrons disccmible 
ander the microscope. 

5. Tartaric acid throws down afber some time from most hi^hly 
cuncentrated Solutions with neutral reaction part of the ammoma as 
ACID TARTRATE OF AMMONIA (N Hp,H 0,C,H^Oio)- ^^ coucentrated 
Solutions are not precipitated. Acid tartrate of soda precipitates coucen- 
trated Solutions more completely, and produces a precipitate even in 
more dilute Solutions. The precipitate is white and crystalline. Its 
Separation may be promoted oy snaking the glass, or rubbing it inside 
with a glass rod. JBj solvents it is acted upon like the coTiea^joudiu^ 

j)otaBSB ßolt, onljr tbat it iß a little more readily soluble Vü. ^^\i^ ^^^ 
JB Mclds, 
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§ 92. 

üecapitulation and remarks, — ^The salts of potassa and soda are not 
volatiie at a moderate red heat, whilst tlie salts of ammonia volatilise 
readily ; the latter may therefore be easily separated from the former by 
ignition. The ezpulsion of ammonia from its Compounds by hydrate of 
lime affords tbe surest means of ascertaining tbe presence of this sub- 
stance. Salts of potassa can be detected in uie wet way only after the 
rem oval of the ammoniacal salts which may be present, since both 
classes of salts manifest the same or a similar deportment with bicUoride 
of platinum and tartaric acid. After the removal of the ammonia the 
potassa 18 clearly and positively characterized by either of these two 
reagents. Let it be borne in mind always that the reactions will only 
show in concentrated fluids, and that dilute Solutions must therefore firat 
be concentrated. A single drop of a concentrated Solution will give a 
positive result, which cannot be obtained with a large quantity of a 
dilute fluid. The most simple way of detecting the potassa in the two 
sparingly soluble Compounds that have come under our consideration 
here — viz., the potassio-bichloride of platinum and the acid tartrate of 
potassa — is to decompose these salts by gentle icnition ; the former 
thereupon yields the potassa in the form of chloride of potassium, the 
latter in the form of carbonate of potassa. For the direct detection of 
potassium in iodide of potassium tartaric acid is better suited than bichlo- 
ride of platinum, since where the latter reas^nt is used the Separation 
of the piatino-chloride of potassium is interiered with in consequence of 
the formation of a dark red fluid containing* biniodide and iodide of 
platinum and free iodine. As regards soda, this alkali may be detected 
with positive certainty in the wet way by antimonate of potassa, pro- 
vided the reagent be properly prepared and freshly dissolved, and the 
soda sah Solution be concentrated, neutral, or feebly alkaline, and free 
irom other bases, and that it be borne in mind that antimonate of soda 
invariably separates in the crystalline form, and never in a flocculent 
State. To detect in this way very minute quantities of soda in presence 
of a large proportion of potassa, precipitate the latter alkali nrst with 
bichloride of platinum, filter, remove the platinum from the filtrate by 
hydrosulphuric acid (§ 127), filter, evaporate the filtrate to dryness, 
ienite gently, dissolve the residue in a very little water, and then tost 
tne Solution finally with antimonate of potassa. 

Potassa and soda may be detected much more readily and speedily 
than in the wet way, and also with far p^eater delicacy, by the flame colo- 
ration. We have seen, indeed, that the soda coloration completely 
obscures the potassa coloration. even though the potassa salt contains 
only a trifling admixture of soda salt. But with the aid of the spectrum 
apparatus the spectra of the two are obtained so distinct and beautifiil 
that a mistake is altogether impossible. And even without a spectnmi 
apparatus the potassa coloration can always be disünctly recofipiised 
through the indigo prism, or through a ülue glass, even in a flame 
colored strongly yellow by soda ; and the soda coloration again may be 
placed beyond doubt, if necessary, with the aid of iodide of mercury 
paper, or green glass, in the manner already described. 

The following methods serve for the detection of amnumia in exeeed- 
itt^fy minute ^uantitieSj as for instance in. n&tvural w^tera \ the^f depend 
üpon tbe Separation of certain mercury comipouuÄa 'w\sM^«c^\»awtos^ 
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in water, and which contain the nitrog^n or the nitrogen and part of the 
hjdroffen of the ammonia. 

«. if water containing a trace of ammonia or carbonate of ammonia 
is mixed with a few dropf of Solution of cliloride of mercurj, a white 
jffccij^tate is formed. even in verj dilute Solution; the precipitate 
eonsists of N H^Hg^Cl, and maj be considered as a double amide and 
Chloride of mercnrj or as chloride of dimercurammonium : 2 NH,+ 
2 Hg Cl = N H,Hg,Cl + N H Cl. If the Solution is extraordinarily dilute 
no tnrbiditj oocurs^ bat on the addition of a few drops of Solution of car- 
bonate of potassa or carbonate of soda, the fluid will become turbid 
or opaleicent after a few minutes. This reaction takes place when water 
eontaiimig a trace of a neutral salt of ammonia is mixed with a few drops 
flf solation of chloride of mercurj and a few drops of Solution of carbonate 
if potassa or carbonate of soda. The precipitate which separates on the 
«addition of carbonate of soda eonsists of one equivalent of the previously 
mentioned precipitate with two equivalents of oxide of mercury: 
NH +4%Cl + 8KO,CO,= (NH,Hg,Cl + 2HgO) + HO + 3KCl + 
8C 0,. Too much chloride of mercurj and carbonate of soda must not 
beadded^ otherwise a jellow precipitate ofoxy chloride of mercury would 
be fbrmed. (Bohlig, Schöyen.) 

b, Upon addinff to a Solution of iodide of mercury and potassium 
containing^ potassa* a litüe of a fluid containing ammonia^ or an 
ammonia satt, a reddish-brown precipitate is formed if the ammonia 
18 present in some quantity; out there is^ at any rate^ always a 
yellow coloration produced, even if only tnost minute traces of ammonia 
sre present. The precipitate eonsists of tetramercuranunonium iodide 
(NHg,I,2H0): 4(HgI,KD + 8 KO + NH, = (NHg^I + 2 H0) + 
7 K I + H 0. Application of neat promotes the Separation of the pre- 

X' ate. Presence of chlorides of the alkali metals, or of salts of the 
lies with oxygen acid, does not interfere with the reaction ; but 
presence of Cyanide of potassium^ and of sulphide of potassium^ will 
prevent it (J. Nessler). 

§ 98. 

Special SeactioM of the rwrer Oxide» of theßrtt group, 
1. OxiDi or Cmamu (Cs 0), «nd 2. Oxids or KuBiDiaic (Rb 0). 

n» OBBsiam »nd mbidiiim oompoonds nre, it wonld appear, found pratty widely 
^Baaninated in Datiire, bat in very minate quantities only. They have bitherto been 
loDod diiefly in the motber liqaon of mineral waten, and in a few miuerala (lepidolite, 
melaphyr, carnallite). Gsmum haa been found in considerable quantities in poUux, 
and traoea of rubidinm have been foond in the ashee of planta. The cieeiuin and 
nibidiam eomponnds bear in general great reaemblance to the potasmum Compounds, 
mort fiartiealarly in tbia, that their concentrated aqueons Solutions are precipitated by 
tartarie add and by hickloride of platinum, and also that those of them tbat are 
Tolatile at a red heat tioge the jianie Tiolet. The most notable characteristio diffe* 
rBnce% on the uther habd, are that the precipitates produoed by bichloride of platinum 
are hr more Insolable in water than the potassio- bichloride of platinum ; 100 grm. 
water will, at 10^ diasolve 900 mgrm. potassio-bichloride of platinum^ but only 154 
mgmu of the mbidio-bichloride of platinnm, and as little as 50 mgrm. of the ossio- 



* Preparsd as follows. Dissolve 2 grm. iodide of potassiom in 5 co. water, 
heat the so^ation, and add iodide of mercury tili the last portion remains nndissolved. 
Let tha miztore ooo^ theo dilate with 20 o.o. water. Lei the ftoid «UhOl «oiea tamA, 
S}ter, mad mix SOo.o.(^tbe ältnte with SO 0.0. of a oonoentrMöd «>\a\ä.0Ti oll ^Vaiift 
»hoatd iä0 0aki tum turbid, ßlter U onoe morm. 
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bichloride of plaiinum. Agaio, the alums show ffjeht differenoes is r^rards tbeir- 
solubility in cold water ; thus 100 parte of water at 17° disaolve 13 'S parte of potaasiam 
alum, 2*27 parte of rubidium alum, and '619 parte of caBsium alura. Bat above all, 
tbe flamea colored by csesium and rubidium Compounds give spectra quite different from 
Ihe potassium spectrum (see Table I.). The cesium speclrum is especially characteriaed 
by the two blue Hnes a and ßf whioh are remarkable for their wonderful intensity aod 
Sharp outline ; also by the line y, which, however, is lees strongly mark ed. Amongst 
the lines in the rubidium spectrum, the splendid indigo-bluelines marked a and/Sstrike 
the eye by their extreme briUiancy. Less brilliant, but still very oharacteristic, are the 
lines ^ and y, To deteot boih alkalies in presenoe of eaeh other by tbe spectroscope, 
the Chlorides should be taken and not the carbonates, since with the latter aalte the 
rubidium spectrum is not always distinct in the presence of the ciesium spectrom 
(Allen, Heintz). Lastly, we have still to roention that carbonate of oxide of csesium 
is soluble in absolute alcohol, whilst carbonate of oxide of rubidium is insoluble in that 
luenstruum. Still, a Separation of the two oxides is effected ouly with ditficulty by ihis 
means, as they seem to form a double salt which is not absolutely insoluble in alcohot 
It is more easy to separate them when they are in the form of acid tartrates ; the acid 
tartrate of rubidium dissolves in 8*5 parte of boiling water, and 84*57 pHrte of water at. 
25% while the correspunding salt of csraium dissolves in 1*02 parte of boiling water, and 
10*32 parte of water at 25° ( Allkn). (The acid tartrate of potassa requires 15 parte of 
boiling water, and 89 parte of water at 25°.) 

8. LlTHLA. (Li 0). 

Lithia is also found pretty widely disseminated in nature, but in minute quantities 
only. It is of ton met with in the aualysis of miueral waten and ashes of plante, less 
frequently in the analysis of minerals, and only rarely in that of technical and phar* 
maceutical producte. Lithia forms the transition from the firat to the second group. 
It dissolves with difficulty in water ; it does not attract moisture from the air. 
Most of ite salte are soluble in wator ; some of them are deliquescent (chloride of 
lithium). Carbonate of lithia is difficultly soluble, particularly in cold water. Pko9- 
phate of 9oda produces in not over-dilute Solutions of salte of lithia upon boiling, 
a white crystalline precipitete of tribasic pbosphate of lithia (8 Li 0,PO( + aq') 
which quickly subsides to the bottom of the precipiteting vesseL This reaction, which 
is characteriHtic of lithia, is rendered much more delicate by adding with the pbosphate 
of soda a little Solution of soda, just sufficient to leave tbe reaction alkaline, evapo- 
rating the niixture to dryness, treating the residue with water, and adding an equal 
volume of liouid ammonia. By this course of prooeeding even very minute quantities 
of lithia will be separated as 8 Li 0,P O^ + aq. The precipitete fuses before the bluw- 
pipe, and gives upon fusion with carbonate of soda a clear bead ; when fused upon char- 
coal it is absorbed by the pores of the latter body. It dissolves in hydrochloric acid to 
a fluid which, when diluted and supersaturated with auimonia, remains clear in tbe 
cold, but upon boiling gives a heavy orystelline precipitete of 3 Li 0,P O^ + aq. (Beac- 
tions by which the pbosphate of lithia differs from the phosphates of the alkaline earths). 
Tartanc acid and bichloride of platinum fall to precipitete even concentrated Solutions 
of salte of lithia. If salte of lithia are exposed to the g<u or bloufpipe-ßame, in the 
manner desoribed § 89, 5, they tinge the flames carmine-red. Silicates containing 
lithia demand addition of gypsum to produce this reaction. Phosphate of lithia will 
tinge the flame carmine-reii if the fus^ bead is moistened with hydrochloric acid. The 
soda coloration conceals the lithia coloration ; in presence of soda, therefore, the lithia 
tint must be viewud through a blue glass, or through a thin layer of Indigo Solution. 
Presence of a small proportion of potassa will not conceal the lithia coloration. In pre- 
sence of a large proportion of potassa, the lithia may be identified by placing the sub- 
stance in the fusing zone, viewing the colored flame through the indigo prism and 
comparing it with a pure potassa flame produced in the opposite part of the fusing 
sone. Viewed through thin layers, the lithia-colored flame appears now redder than 
the pure potassa flame ; viewe^J through somewhat thioker layers, the flames appear at 
last equally red, if the proportion of the lithia to the potassa is only trifling ; but when 
lithia predominates in the examined sample the intensity of the red coloration imparted 
by litbia decreases perceptibly when viewed through thicker layers, whilst the pure 
potassa-flame is scarcely impaired thereby. By this means lithia may be detected 
m potassa salts, even wough present only in the proportion of one part in several 
thousand parte of the iatter. Soda, nnless present in over-lai^e quantities, interferes 
but little with thete reactions (Cabtmkll, JBunsen). 

Tbe Uthium tpedrum (Tab. I.) is moat brilUantly chatacteriied by tbe 'splendid 
oännine'red line a, and the onuige*yeiUow veiy iainx mi« ß, Ttk» IfiAxa« ol «» fi>>aaaMiOL 
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Vnnwr jidda ooly Ümm two linea, bot if chloride of lithinm is introduced into a hydro- 
gen flanie, a doli blue Udo is perceptible which beoomet brilliant if the oxyhydrogen 
mme is uaed. Ita jpotition almost ooincides with tbe weaker of the two blue lines of 
CBuiim (£J1XJ>AJLL, Fbahklahd). If aloohol be poured oTor chloride of lithium, aod 
tkeB igniteil, the flame ihowt also a oarmine-red tint. Presence of salts of soda will 
natk t&uB reactioo. 

To detect small qnantitiM of OBsium, mbidium, and lithiom in presenoe of very 

hige qoantities of soda or potassa, extract the dry chlorides, with addition of a few 

dr^ of hydrochloric acid, with alcohol of 90 per cent., which leaves behind the far 

kluger pottioo of the chloride of sodium and chloride of potassium. Evaporate the 

solaueii io diyness^ dissoUe the residue in a little water, and precipitate with bichloride 

of ptatinnm. Filter the floid ofl^ boil the precipitate repeatedly with small quantities 

of water, to remoTe the potassio- bichloride of piatinum pretent, and examine io tbe 

ooone of this procest repeatedly by tlie spectroscope. The potassa spectrum will now 

be foond to grow fidnter and fainter, whilst the spectra of mbidium and cssium will 

become Yisibley if these metala are present. £vaporate the fluid filtered off from the 

platinom precipitate to dryness, heat the reeidue to slight redness in the hydrogen 

carrenty to deoompoee the sodio-bichloride of piatinum aod the exceas of bichloride of 

piatinum, meisten with hydrochloric acid, drive off tbe acid again, and extract the 

ehbride of lithinm finally with a mixture of absolute alcohol and etber. The evapora- 

tioo of the aolntion obtained leaves the chloride of lithium behind in a state of almost 

perfect pority ; it may then be furtber examined and tested. Before drawiog from 

the simple ooloration of the flame the conclusion that lithia is present» it is advisable, 

in Order to guard against the chance of error, to test a portion of the residue, dis- 

BolTed in water, with sulphoric acid and aloohol, to make quite sure that strontia 

or lime is not present. The addition of hydrochloric acid, which is repeatedly 

preicribed in tbe aboTe process to precede the extraction of the chloride of lithium 

with alooholf is neoeesary for this reasoo, that chloride of lithium is, even at a 

moderate red he^ty couTerted by the action of aqueous vapour into caustic lithia, 

which then attraots carbonio acid, fomiing carbonate of lithia, which is iusoluble in 

akoboi. 

§94. 

8ec0nd group. 

Baryta, Strontia, Lime, Magnesia. 

PropertUs of the group, — The a]kaline eartbs are soluble in water in 
the pure (caustic) State. Magnesia, however, dissolves but very sparin{>;ly 
in water. The Solutions manifest alkaline reaction; the alkaline reac- 
tion of ma§i^esia is most clearly apparent when that earth is laid upon 
moistened test-paper. The neutral carbonates and phosphates of the 
alkaline earths are insoluble in water. The Solutions of the salts of the 
aUculine earths are therefore precipitated by carbonates and phosphates 
of the alkalies. This reaction distinguishes the oxides of the second 
group from those of the ürst. From the oxides of the other ^oups 
they are distinguished by the Solutions being neither precipitated by 
hy(]rosu]phnric acid, nor by sulphide of ammonium. The alkaline 
earths and their salts are white or colorless, and not volatile at a 
moderate red heat. The Solutions of their nitrates and chlorides are 
not precipitated by carbonate of baryta. 

Special Reaetions. 

§ 9ö. 

a. Baryta (Ba 0). 

1. Babtta 23 prettjr readily soluble in hot wa\ÄT, Wx. t^<fekKt 
tpanngly bo in eold water } it dissolves treely in ddlutA \i'3AtodcIiQina «t 
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nitric aci(L Hydrate of barjta fbses 9t a red heat, without losing its 
water. 

2. Most of the salts of bartta are insoluble in water. The soluble 
salts do not affect Tegetable colours, and are decomposed upon ignition 
in a glass tube, with the excepdon of chloride, bromide, .and iodide of 
barium. The insoluble salts disäolve in dilute hjdrochloric acid, except 
Üie sulphate of barrta and the silico-fluoride of barium. Nitrate of 
barrta and chloride of barium are insoluble in alcohol^ and do not 
deliquesce in the air. Concentrated soiutions of barrta are precipitated 
bj hTdrochloric or nitric acid added in larse proportions, as chloride of 
Iwrium and nitrate of baiyta are not soluUe m tne aqueous soiutions of 
the said acids. 

8. Äaumomm produces no precipitate in aqueous soiutions of salts of 
barrta ; potas$a or $odm (free from carbonic acid) onlj in highly con- 
centrated Solutions. Water redissolTes the bulky precipitate of 
CRTSTALS OF BARTTA (BaO^HO + 8 aq.) produced bj potassa or 
soda. 

4. Carh(mates (^ tMe mlkmtin throw down CARBONATE OF bartta 
(Ba 0, C 0,) in the form of a white precipitate. If the Solution was 
preTiously acid, complete precipitation takes place only upon heating 
the fluid. In chloride of anmionium the precipitate is soluble to a 
trifling yet clearly perceptible extent ; carbonate of ammonia therefiM« 
produces no precipitate in Tery dilute soiutions of baryta containing 
much chloride of ammonium. 

5. Sulphurie acid and all the soluble sulphatetj more parlacularly also 
Solution of sulphate of /tW, produce even in very dimte soiutions, a 
heavy, finely pulverulent, white precipitate of sulphatb of baryta 
(Bau, SO,), which is insoluble in aÜLalies, nearly so in dilute acids, 
but perceptibly soluble in boiling concentrated hydrochloric and nitric 
acids, as well as in concentrated soiutions of ammonia salts ; however, 
in these latter only if there is no excess of sulphuric acid or a sulphate 
present This precipitate is generally formed immediately upon the 
addition of the reagent; from highly dilute soiutions, however, espe- 
cially when strongly acid, it separates only after some time. 

Ü. H^nifiuosUicic aeid throws down silico-flvoridb of barium 
(BaF,SiFJ in the form of a colorless crystalline quickly subsiding 




^qual Tolume of alcohol nastens tne precipita- 
tion and makes it so complete that the filtrate remains clear upon addi- 
tion of sulphuric acid. 

7. Phosphate qf sodm produces in neutral or alkaline soiutions a white 
precipitate of Phosphate of baryta (2 BaO,HO,P(),) which is 
soluble in free acids. Addition of ammonia only slightl j increases the 
quantity of this precipitate, a portion of which is in this process con- 
Yerted *into basic phosphate of baryta (3 BaO, PO,). Chloride of 
ammonium dissolves the precipitate to a clearlv perceptible extent. 

8. Oxalate qfammomia produces in moderately dilute soiutions a white 
pulverulent precipitate ot Oxalate of baryta ^2 Ba 0, Cfi. + 2 aq.), 
which is soluble in hydrochloric and nitric acids. When recently thrown 
down, this precipitate dissolves also in oxalic and acetic acids ; but the 

soluü'ons speedily deposit binoxalata o£VÄrjtÄ<^Oi^O,Gp^+2ai][.) 
in tbe form ofa orjataUine powder. 
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9. C^omate qfpatassay and bichromate of potassa, produce a bright 

SUow precipitate of Chromate of baryta (BaO, CrOJ even in very 
Ute solntions of salts of baryta. The precipitate dissolves readily in 
hydrochloric or nitric acid to a yellowisn red Solution, from which it 
18 thrown down again by ammonia. 

10. If soluble salts of baryta in powder are heated with dilnte 
qfirit qfwine^ they impart to the flame a greenish-yellow color. 

11. If sfdts of baryta are held on the loop of a platiniim wire in 
the fusine zone of the Bunsen gas flame, the part ot the flame above 
the sample is colored yellowish green ; or if the baryta salts are 
held in the inner spirit Mowpipejlamey the same coloration is imparted 
to the part of the name before the sample. With the soluble baryta 
salts, and also with the carbonate and sulphate of baryta, the reaction 
is immediate or yery soon ; but the phosphate demands previous mois- 
teningofthe sample with sulphuric acid or hydrochloric acid, by which 
means ihe baryta may bc detected by the flame coloration also in 
Silicates decomposable by acids. Silicates which hydrochloric acid fails 
to decompose must be fused with carbonate of soda, when the carbonate 
of baryta produced will show the reaction. It is characteristic of the 
yellowish-green baryta coloration of the flame that it appears bluish- 
green when viewed through the green glass. If the sulphates are 
selected for the experiment, presence of lime and strontia will not 
interfere with the reaction. The baryta spectrum is shown in Table I. 
The green lines, a and ß are the most intense ; y is less marked, but 
still characteristic. The platinum wire sometimes contains barium 
(Kraut), hence it is well to see first whether it will give a barium 
spectrum by itself. 

12. Cold Solutions of hiearhanates of the alkalies or of earbonate of 
amama fall to decompose sulphate of baryta, or. to speak more cor- 
rectly, they decompose that salt only to a scarcely perceptible extent ; 
the same applies to a boiling Solution of 1 part of carbonate and 3 parts of 
iulphaU of potaua, Repeated action of boiling Solutions of simple or 
monocarbonates of the alkalies upon sulphate of baryta succeeds m the 
end conoipletely in decomposing that salt. It is readily decomposed 
also by fusion with carbonates of the alkalies, which results in the for- 
matioa of a sulphate of the alkali, soluble in water, and of carbonate of 
baryta^ insoluble in that menstruum. 

S96. 
h. Strontia (SrO). 

1. Strontia and its hydrate and salts have nearly the same 
genend properties and reactions as baryta and its corresponding Com- 
pounds. Hydrate of strontia is more sparingly soluble in water than 
nydrate of baryta. Chloride of Strontium dissolves in absolute alcohol 
and deliquesces in meist air. Nitrate of strontia is insoluble in 
absolute alcohol and does not deliquesce in the air. 

2. The salts of strontia show with ammonia, potassa, and soda, and 
also with the earbomUes of the alkaliee and with phosphate qf soday nearly 
the same reactions as the salts of baryta. Carbonate of strontia 
dissolye» aomewbat more diMcultly in chloride of ammouixiixi \}Ki*dXL ^%x- 
boBMie of baryta. 
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d. J^mlpkmrit €tid %nA MHlpAtOei throw down srLPHATE OF STROXTIA 

(SrO. ^ O^ ixL tb? form öf & wliine preeipictte. Thrown down by dilute 
sslphurur acid ^jm eonceatnuevi joLiit:i#>as, ic b at first flocculent and 
amfirpAon», ifserwAniä pulTemlear »nd crrscmllioe : tiirown down bj 
dunte «ulphurlc »cid tTr^m dilnte «olurioii«, or produced by Solutions of 
solphac^. it U imm^diAtely palTeroIenc »nd crystalline. Application of 
h<at ^n^cly promotes th« precfpitatioii. Saipliate of strontia is fJEir more 
soloble in wacer tLan «olphate €d bttryta ; owin^ to this readier solubilitj, 
the precipicated «ulphace of »trontza separates firom rather dilute Solutions 
only after the laptse of some time ; and this is inrariably the case (even 
in eoDcentrated soIutions) Ü solutioa of sul pk mt ie 4>f limt is used as pre- 
cipitant. S alpha te of strontia is insoluble in spirit of wine ; addition 
of alcohol will therefore promote the separadon of the precipitate. In 
hydroehlorxc acid and in nitric acid sulphate of strontia dissolres per- 
oeptibly. Presence of large quantities of these acids will accordinglj 
mo^t seriously impair the deucacy of the reaction. Solution of sul- 
phate of strontia in hydrochloric acid is, alter dilution with water, ren- 
dered turbid by chlorxde of bahum. Sulphäte of strontia does not 
dissolre on boilin^r in a concentrated Solution of sulphate of ammonia. 

4. II}fdrqfltumlicie acid fails to produce a precipitate eren in concen- 
trated Solutions ; eren upon addition of an equal Tolume of alcohol 
DO precipitation takes place, except in rerj highly concentrated 
Solutions. 

5. Oxalate of amwumia precipitates eTen from rather dilute fsolutions 
OXALATE OF STRONTIA (w Sr 0, C^, + 5 ao.) in the form of a white 
powder, which dissolres readily in hydrochloric and nitric acid, and 
perceptibly in salts of ammonia, but is only sparingly soluble in oxalic 
and acetic acid. 

C. BiehronuUt of potassa does not precipitate Solutions of salts of 
strontia, even when they are concentrated. Seutral Chromate of potassa 
at first produces no precipitate, but on lon^ standing, if the Solution 
is not very dilute, light yellow Chromate of strontia separates in the 
cr}'stalline form. The cr}'stals are but slightly soluble in water, but 
readily soluble in hydrochloric, nitric, and chromic acids. 

?. If salts of strontia soluble in water or alcohol are heatcd with 
dilute spirit of wine, and the spirit is kindled, the flame appears of a 
very intense carmine color, more particularly upon stirring the 
alcoholic mixture. 

8. If a strontia salt is held in the fusing ssone of the Bunsen ffos 

Jlame, or in the inner spirit blowpipejlame, an intensely red color is 

imparted to the flame. With chloride of Strontium the reaction is the 

most distinet, less clear with strontia and carbonate of strontia, &inter 

still with sulphate of strontia, and scarcely at all with strontia salts of 

fixed acids. The sample is therefore, aftier its first exposure to the 

flame, moistened with hydrochloric acid, and then again exposed to the 

flame. If sulphate of strontia is likely to be present, the sample is 

first exposed a short time to the reducin^ flame (to produce sulphide of 

Strontium), before it is moistened with hydrochloric acid. Viewed 

through tue blue glass, the strontia flame appears purple or rose (dif- 

ference between strontia and lime, which latter body shows a faint 

greenish grey color when treated in this manner) ; this reaction is the 

mo8t cleany apparent if the sample moisUned v^itk hydiochloric acid is 

Jet spirt up in the üame. In preaence oii \>arj\s^ ^ik^ «XxQrDL^T«w:;>ass^ 
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fhows only tipoii the first introduction of the sample moistened with 
hydrochloric acid into the flame. The strontia spectrum is shown in 
Table I. It contains a number of characteristic Hnes, more especially 
the orange line a, the red lines/3 and y, and the blue line ^, which latter 
is more particularly suited for the detection of strontia in presence of 
banrta and lime. 

9. Sulphate of strontia is completely decomposed by continued diges- 
tion with Solutions of carbonate of amnwnia or of bicarhonates of the 
MmUeSy but mach more rapidly by boiling with a Solution öf 1 part of 
etrianate of pataua and 3 parts of sulphate ^ potassa (essendal dinerence 
between sulphate of strontia and sulphate of bary ta). 

§97. 
e. Lime (GaO). 

1. Limb and its htdratb and salts present in their general 
properties and reactions, a great similarity to baryta and strontia and 
dieir corresponding Compounds. Hydrate of lime is far more düficultly 
soluble in water than the hydrates of baryta and strontia ; it dissolves 
also more sparingly in hot than in cold water. Hydrate of lime loses 
its water upon ignition. Chloride of calcium and nitrate of lime are 
soluble in absolute alcohol and deliquesce in the air. 

2. Ammoniay potassa, carbonates of the alkalies and phosphate of soda 
show nearly the same reactions with salts of lime as with salts of baryta. 
Recently precipitated carbonate op lime (CaO, CO,) is bulky and 
amorphous — aiter a time, and immediately upon application of heat, it 
fidls down and assumes a crystalline form. Recentiy precipitated carbo- 
nate of lime dissolves pretty readily in Solution of chloride of ammonium; 
bat the Solution speectily becomes turbid, and deposits the greater part 
of the dissolved salt in form of crvstals. 

3. Sulphurie aeid and sulphate of soda produce immediately in highly 
eoncentrated Solutions white precipitates of sulphate of lime (CaO, 
8 0,, H + aq.), which redissolve completely in a large proportion of 
water, and are still far more soluble in acids. Sulphate of lime dissolves 
readily on boiling in a concentrated Solution of sulphate of ammonia. 
In less concentrated Solutions of lime the precipitates are formed only 
after the lapse of some time ; and no precipitation whatever takes place 
in dilute Solutions. Solution of sulphate of lime of course cannot pro- 
duce a precipitate in salts of lime ; but even a cold saturated Solution of 
Bolphate of potassa, mixed with 3 parts of water, produces a precipitate 
only after Standing from twelve to twenty-four hours. In Solutions of 
lime which are so very dilute that sulphurie acid has no apparent action 
on Üiem, a precipitate will form upon addition of two volumes of alcohol 
either immediately, or after the lapse of some time. 

4. Hydrqfluosüieic aeid does not precipitate salts of lime, even when 
an eqnal volome of alcohol is added. 

5. Oxalate of ammonia produces a white pulverulent precipitate of 
OXALATE OF LIME. If the fluids are in any degree concentrated or hot. 
die precipitate (2 Ca 0, Gß^ + 2 aq.) forms at once ; but if they are very 
dünte and cold, it forma only after some time, in which latter case it is 
more öisüncüv erjBtaJline and consists of a mixtuiQ of tk^ ^X^or«^ ^t. 
wMtb 2 CaO, Oft, -t-daq. Oxalate of lime dissolves losy^y m \i^&]»i« 
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cbloric and nitric acids ; but acetic and oxalic acids fall to dissolve it to 
any perceptible extent. 

0. Neither Chromate of potassa nor bicbromate of potassa precipitate 
Solutions of salts of lime. 

7. Soluble salts of lime wben beated witb dilate spirit of wine impart 
to tbe flame of tbe latter a tellowish-red color, wbich is liable to be 
confounded witb tbat communicated to tbe flame' of alcobol by salts 
of strontia. 

8. If s&lts of lime are beld in tbe fusing zone of tbe Dunsen gtu 
ßamßj or in tbe inner spirit blowpipe Jlame, tney impart to tbe flame a 

YELLOWisH-RED color. Tbis reaction is tbe niost distinct witb cbloride 
of calcium ; sulpbate of lime sbows it onlj after its incipient decompo- 
sition, and carbonate of lime also most distinctlj after tbe escape of tbe 
carbonic acid. Compounds of lime witb fixed acids do not color flame ; 
tbose of tbem wbicb are decomposed by bydrocbloric acid will, bowever, 
sbow tbe reaction after moistening witb tbat acid. Tbe reaction is in 
sucb cases promoted by flattening tbe loop of tbe platinum wire, placing 
a small portion of tbe lime Compound upon it, letting it frit, aading a 
drop of bydrocbloric acid, wbicb remains nanging to tbe loop, and tben 
bolding tue latter in tbe Aising zone. Tbe reaction sbows now tbe most 
distinct ligbt immediately upon tbe disappearance of tbe drop, wbicb in 
tbis process, as in Leidenfrost's pbenomenon, evaporates witbout 
boiling (Bunsen). Viewed tbrougb tbe greenglassy tbe lime coloration 
of tbe flame appears flncb-green colored on letting tbe sample mois- 
tened witb bydrocbloric acid spirt in tbe flame (diflerence between lime 
and strontia, wbicb latter substance under similar circumstances sbows 
a very faint yellow. Merz). In presence of baryta tbe lime reaction 
sbows only upon tbe flrst introduction of tbe sample into tbe flame. 
Tbe lime spectrum is sbown in Table I. Tbe intensely green line ß is 
more particularly cbaracteristic, also tbe intensely orange line a. It 
requires a very ffood apparatus to sbow tbe indiffo-blue line to tbe right 
of in tbe soiar spectrum, as tbis is mucb less luminous tban tbe 
otber lines. 

9. Witb monocarbonates and bicarbonates of tbe alkalies, as also 
witb a Solution of carbonate and sulpbate of potassa, sulpbate of lime 
sbows tbe same reactions as sulpbate of strontia. 

§98. 
d, Magnesia (MgO). 

1. Magnesium is silver wbite, bard, ductile, of 1*74 sp.gr. It melts 
at a moderate red beat, and volatilizes at a wbite beat. Wben ignited 
in tbe air it burns witb a dazzling wbite flame to magnesia. It pre- 
serves its lustre in dry air, but it ^adually becomes coated witb bydrate 
of magnesia wben exposed to moist air. Pure water is not decomposed 
by magnesium at tbe ordinary temperature, but in water acidulated witb 
bydrocbloric or sulpburic acid, magnesium dissolves rapidly witb evolu- 
tion of bydrogen. 

* 2. Magnesia and its hydrate are wbite powders of far greater 
bulk tban tbe otber alkaline eartbs and tbeir bydrates. Maenesia and 
^drate of magnesia are nearly insoluble botb in cold and not water. 
Hydrate ofmagnem loses its watet upon i^^ou. 
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3. Some of the salts of maonesia are soluble in water, others are 
insolnble in that fluid. The soluble salts of magnesia havc a nauseous 
bitter taste : in the neutral State they de not alter veg^table colors ; 
with the exception of sulphate of magnesia, thej undergo decomposition 
when gently iraited, ana the greater part of them even upon simple 
eraporation of their Solutions. Sulphate of magnesia loses its acid at a 
white heat. Nearly all the salts of ma^esia which are insoluble in 
water dissolve readily in hydrochloric acid. 

4. ÄmwwfUa throws down from the Solutions of neutral salts part of 
the magnesiaas htdbate (Mg 0, H 0) in the form of a white bulky pre- 
dpitate. The rest of the magnesia remains in Solution as a double salt, 
Tix.y in combination with tue ammonia salt which forms upon the 
decomposition of the salt of magnesia; these double salts are not 
decomposed by a small excess of ammonia. It is owing to this tendency 
of salts of magnesia to form such double salts with ammoniacal Com- 
pounds that ammonia &ils to precipitate them in presence of a suflicicnt 
{ffoportion of an ammonia ssut with neutral reaction ; or, what comes 
to the same, that ammonia produces no precipitate in Solutions of 
msmesm containing a sufficient quantity of free acid, and that pre- 
dpitates produced by ammonia in neutral Solutions of magnesia are 
redissolred upon the addition of chloride of ammonium. It should be 
bome in mind, that in Solutions containing only 1 equivalent of an 
ammonia salt (N H^, S 0, or N H^Cl) to 1 equivalent of magnesia 
salt^ although no precipitate is produced by the addition of a slight 
excess of ammonia, a portion of the magnesia is, however, thrown 
down on the addition ola large excess of ammonia. 

5. Patassay soda, baryta, and lime throw down H yd rate of maq- 
9ESIA. The Separation of this precipitate is greatly promoted by 
boiling the mixture. Chloride of ammonium and other similar salts of 
ammonia redissolve the washed precipitated hydrate of magnesia. If 
the salts of ammonia are added in sumcient quantity to the Solution of 
magnesia before the addition of the precipitant, small quantities of the 
latter fail altogether to produce a precipitate. However, upon boiling 
the Solution anerwards with an excess of potassa, the precipitate will of 
course make its appearance, since this process causes the decomposition 
of the ammonia salt, removing thus the agent which retains the nydrate 
of magnesia in Solution. It should be remembered that hydrate of 
magnesia is more soluble in Solutions of chloride of potassium, chloride 
of sodium, sulphate of potassa, and sulphate of soda, than in water, and 
that on this account its precipitation is less complete when these salts 
are present in large quantities. From such Solutions the magnesia is, 
however, thrown aown, for the most part^ by an excess of Solution of 
potassa or soluüon of soda. 

6. Carbonate of potassa and eardonate of soda produce in neutral Solu- 
tions a white precipitate of basic carbonate of magnesia 4 (Mg 0, 
CO,) + MgO,HO + 10aq. One-fifth of the carbonic acid of the 
decomposed alkaline carbonate is liberated in the process, and combines 
with a portion of the carbonate of magnesia to bicarbonate, which 
remains in Solution. This carbonic acid is expelled by boiling, and 
an additional precipitate formed (MgO,CO +daq.) Application of 
heat therefore promotes the Separation ana increases the quantity 
of Üie precipitate. Chloride of ammonium and other «xniW %iiXA qI 
ü mmom a, when present in rafficient quantity, preveut ti^ ^Tdd^SXAr 
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tko ftko« and ratülr rediss^re tlie precipitates after they have been 

w;iush«d. 

r. If solatknts of maisn^^^ are mixed with tarbonate qfammotna, the 
fluid ifclwaT« n»B:im5 clear at first : bat afier Standing' some time, it 
de^^t^ mor>^ c* lese quicklr accordin? to the concentration of the 
Solution, a crrstalHne prmprate. When the carbonate of ammonia is 



in $Iifht ej:e>K^ the prmpitate consists of carbonate of magnesia 
(M jT O, C l\ -^ ^ aq.^. wben the carbonate of ammonia is in large excess^ it 

fOaVötS of CARBOXJkTE O^ MJkGXESIA AXD AMMONIA (N H^, C 0, + 

Mi' O. COj- 4 ac-^ In rarher hisrhlr dilnte Solutions this precipitate 
viH not &^rm. Addittoa of ammonia and of excess of carbonate of 
amafiOQLSi prvMBOtes its »niratkm. Chloride of ammonium counteracts 
ü« but it cft&no« pn»Tent uie fonnatioa of the precipitate in rather highly 
<\MKvatra^^i ^^wutkos^ 

c^ f%M&JU:ie ^ mim ptmpttates from Solutions of magnesia^ if they 

not tVX> dllutl?, FH^>^PHATK OF MAGNESIA (2 MffO, H 0, P 0„ + 

14 a<.^ aä^ a vhit^ povder. Upcm boiling, basic phospnate of magnesia 
(^ MirO, PO, ^ Taq.^ $tmrad»v exen from rather dilute Solutions. But 
if th^ axidition of the pwvipitant is preceded by that of ekloride qfammo- 
•M« aiKi «Mtwi/MNit a vlitt^ <rrT5taIliae precipitate of basic Phosphate 
t^r MAGXC:>iA AXP AMMONIA ^t?MjrO. N H^, P 0, + 12 aq.) will sepa- 
rate ev^n fKv» rerr dilute sohttioas of magnesia ; its Separation may be 
jnr^MtlT pr\>moted and act^lerated by stirring' with a glass rod ; eren 
»h^HiKl the ^olutiott be so extr^mehr dilute as to fbrbid the formation of 
a pr^n!Mtate« yet the line$ of direction in which the riass rod has moved 
alouf t)ie $:de of the res^s^l will after the lapse ctf* some time appear 
di;i^iK*tly a» white streaks \$oIubIe in hydrochloric acid). Water and 
9^4utiott$ of $«It$ of ammonia dbsolre the precipitate but Tery sligbtly ; 
but it i$ nNkKlv «ohible in aeid»« eren in acetic acid. In water contain- 
ia^ ammi>nia it may be con^dered insoluble, 

t^. (IntJU^ ^' ^iiiiiwwiiü produees no precipitate in highly dilute solu- 
IKMI« of m^urtHKia : in le^s^ dilute soIutions no precipitate is formed at 
är^. but afiter ^tandiu^ ^^n^ time cry^^Iine crusts of various Oxalates 
of ammonia and maneisia make their appearance. In highly concen- 
trat^t ^>lution$ ^xxalate of ammonia rery speedily produces precipitates 
ttf iualate irf m^uraec^a 0- ^«' ^^« ^V\ - 4 ao. ), which contain small quan- 
litie« of the aKvn^-uauMNl double salts. C hloride of ammonium, espe- 
ciallv in pr^K^uce of (ree ammonia, interneres with the formation of these 
jvf^Hhitate*^ but will not in «reneral absolutely prevent it. 

Im. v'W^iirtc 4«*«^, i^jyilr^i^iMif»licfr «riif, and' tkn mmte rfpotassa^ do not 
precipitate salt* of ma^ec^ 

IL :^t$ of mi^e«ia do not cokir flame. 

§99. 

liW^filaliifiiHi «imI rrMuHjt. — ^The difficult solubility of the hydrate of 
ma^rt^^a« the ready solubility of the sidphate (unless it is present in 
the natuiid fvrm« either anhydrous or combined with 1 equiTalent of 
water"^ and the di$p()c»tion of salts of magnesia to fbnn double salts with 
ammonia oiuu)H)unikk aiv the three principal points in which magnesia 
diflers frtuu the other alkaline earth& To detect magnesia in Solutions 
eaatnimag $i\ fhe alkaline ear^a^ we always first remove the baryta, 
Mttoatm, and lim^ Tkia is «ffwted wmX €fim«mAii\!L3 >s T&»K&a ^C 
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offbonate of ammonia, with addition of some ampionia and of chloride 
of ftmmonium^ and application of heat; since by this process the baryta^ 
strontia, and lime are obtained in a form of combination suited for 
fbrther examination. If the Solutions are somewhat dilute, and the 
precipitated fluid is quicklv filtered, the carbonates of baryta, strontia, 
and ume are obtained on tlie filter, whilst the whole of the magnesia is 
fennd in the filtrate. But as chloride of ammonium dissolves a little 
carbonate of baryta, and also a little carbonate of lime, thouo^h much 
kss of the latter than of the former, trifling quantities of these oases are 
foand in the filtrate ; nay, where only traces of them are present, they 
may altogether rem&in in Solution. In accurate experiments, therefore, 
the Separation is eflected in the following way : Divide the filtrate into 
three portions, test one portion with dilute sulphuric acid for the trace 
of baryta which it may contain in Solution, and another portion with 
Oxalate of ammonia tor the minute trace of lime which may have 
remained in Solution. If the two reagents produce no turbidity even 
after some time, test the third portion with phosphate of soda for 
MAQiTESi A. But if one of the reagents causes turbidity, filter the fluid 
from the gradually subsiding precipitate, and test the filtrate for 
magnesia. Should ooth reagents produce precipitates, mix the two first 
portions together, filter afler some time, and tuen test the filtrate. To 
make snre that the precipitate thrown down by Oxalate of ammonia is 
ictually Oxalate of Imie, and not, as it may be, Oxalate of magnesia and 
tmmonia, dissolve it in some hydrochloric acid, and add dilute sulphurio 
acid, and then spirit of wine. 

To show the presence of the baryta, strontia, and lime in the preci- 
pitate produced oy carbonate of ammonia, dissolve the precipitate in 
some dilute hydrochloric acid ; add Solution of gypsum to a small portion 
of this Solution, when the immediate formation of a precipitate will pro ve 
the presence of baryta. Evaporate the remainder of tue hydrochloric 
acid Solution on the water-batn to dryness, and treat the residue with 
absolute alcohol, which will dissolve the chloride of Strontium and the 
chloride of calcium, leaving the greater part of the chloride of barium 
undissolved. Mix the alconolic Solution with an equal volume of water 
and a few drops of hydrofluosilicic acid, and let the mixture stand 
fleveral hours, when the last traces of the baryta present will be found 
precipitated as silicofluoride of barium. Filter, and add sulphuric acid 
to the alcoholic filtrate. This will throw down the strontia and the 
lime. Filter the fluid from the precipitate, wash with weak spirit of 
wine, and boil the sulphates for some time with a suflicient quantity of 
8ulphate of ammonia in streng Solution, renewing the water as it evapo- 
rates and adding ammonia, so as to keep the fluid sli^htly alkaline. 
Sulphate of strontia remains undissolved, while the sulphate of lime 
dissolves. After the Solution has been much diluted, the lime may be 
thrown down by Oxalate of ammonia. The mixture of sulphate of 
strontia and sulphate of lime may also be treated as foUows : Boil them 
with Solution of carbonate of soda. By this means the sulphates are 
conyerted into carbonates. Wash these, dissolve them in nitric acid, 
evaporate the Solution to dryness, pulverize the residue and digest it 
for a considerable time with absolute alcohol to which a little ether has 
been added, when the nitrate of lime will dissolve, leaving the nitrate 
of strontia wadSssoIred The latter may be reaä^y QXSkmvQftdi^X^^ ^- 
äolwing in a gnudl qmmtitjr of water and adding aolutioii oi frai^^Xa ^1 

^ H 
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lime; the Urne in thß alcoholic Solution of nitrate of lime may be 
detected by the addition of sulphoric acid. The precipitate of sulphate 
of lime thus produced, when treated with water^ soould yield a Solution 
which gives an immediate and considerable precipitate with Oxalate of 
ammonia. The best and most convenient way of detecting the alkaline 
earths in their phosphates, is to decompose these latter by means of 
sesQuichloride of iron, with addition of acetate of soda (§ 142). The 
Oxalates of the alkaline earths are converted into carbonates by ignitioD, 
preparatory to the detection of the several earths which they may 
contain. The following method will serve to analyse mixtures of the 
sulphates of the alkaline earths. Extract the mixture under examina- 
tion with small portions of boiling water. The Solution contains the 
whole of the sulphate of magnesia, unless it is present in the native 
anhydrous state^ besides a triiling' quantity of sulphate of lime. Digest 
the residue, according to H. Rose's direction, in the cold for 12 hours, 
with a Solution of carbonate of ammonia, or boil it 10 minutes with a 
Solution of 1 part of carbonate and 3 parts of sulphate of potassa, filter, 
wash, then treat with dilute hydrochioric acid, which will dissolve the 
carbonates of strontia and lime formed, and if the anhydrous native 
sulphate of magnesia was present, the carbonate of magnesia or the 
carbonate of ammonia and magnesia, but always also a minute trace of 
baryta (Freseniuö), leaving behind the undecomposed sulphate of 
baryta. The latter may then be decomposed by fusion with carbonates 
of the alkalies. The Solutions obtained are to be examined further 
according to the above directions. 

The detection of baryta, strontia, and lime in the moist way is very 
instructive, but also rather laborious and tedious. By means of the 
spectroscope these alkaline earths are much more readily detected, even 
when present all three together. According to the nature of the acid^ 
the sample is either introduced at once into the flame, or after previons 
ignition and moistening with hydrochioric acid. To detect yery minute 
quantiües of baryta and strontia in presence of large quantities of lime, 
ignite a few srammes of the mixed carbonates a few minutes in a 
platinum cruciole stronglv over the blast,* extract the ignited mass by 
Doiling with a little distilled water, evaporate with hydrochioric acid to 
dryness^ and examine the residue oy spectrum analysis (Engelbach). 

§ 100. 

THIRD GROUP. 

More common oxides: — ^Alumina, Sesquioxide of Chromium. 

Rarer oxides : — Berylla, Thoria, Zirconia, Yttria, Oxide 
ov Erbium, Oxides dp Cebium, Oxide of Lanthanium, Oxide 
OF DiDYMiuM, Titanic Acid, Tantalic Acid, Niobic Acid. 

Properties of the group, — The oxides of the third group are insoluble 
in water, both in the pure State and as hydrates. I^eir sulphides 
cannot be produced in the moist way. Hydrosulphuric acid therefore 
ÜEuls to precipitate the Solutions of their salts. Sulphide of ammonium 
throws down, from the Solutions of the salts in which the oxides of the 

* The curbonatef of baryt» and strontia are much more readily redaoed to the 
eMotüo ttnU in tbig prooeaa than woold Ym ikM oaaia in \Jhib ilbMnoa of carboDate of 

iUDA 
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third g^oop constitate the base,* in the same way as ammonia, the 
hjdrated oxides. This reaction with sulphide of ammoniom distin- 
guishes the oxides of the third from those of the two preceding gronps. 



Special BeacHaiu of the mare eomman Oxides qf the third gnmp, 

S 101. 
o. Alumina (Al^OJ. 

1. Aluminium ia nearlj white. It is not oxidized by the action 
of the air, in compact masses not even upon ignition. It may be filed, 
tnd is Tery malleable ; its specific sravity is only 2*67. It is fusible 
at a bright red heat. It does not decompose water at a boiling heat. 
Alnminium dissolves readily in hydrochJoric acid, as well as in hot 
lolotion of potassa, with evolution of hydrogen. Nitric acid dissolves it 
only slowly, even with the aid of heat. 

3. Alumina is non-volatile and colorless; the htdratb is also 
colorless. Aiiunina dissolves in dilute acids slowly and with very great 
difficnltTy bat more readily in concentrated hot hydrochloric acid. In 
fosing bisolphate of potassa, it dissolves readily to a mass soluble in 
water. The hydrate in the amorphous condition is readily soluble in 
icids; in the crystalline State it dissolves in them with very great 
difficulty. After ignition with alkalies, the alumina. or^ more correcüy 
speakinjr, the alkaline aluminate formed, is readily oissolved by acids. 

3. The SALTS OF alumina are colorless and non-volatUe ; some of 
them are soluble, others insoluble. The anhydrous chloride is solid^ 
pale yellow, crystalline, volatile. The soluble salts have a sweetish, 
sstringent taste, redden litmus-paper, and lose their acid upon ignition« 
The insoluble salts are dissolved oy hydrochloric acid, witn the excep- 
tion of certain native Compounds of alumina ; the Compounds of alumina 
which are insoluble in hydrochloric acid are decomposed and made 
soluble by^nition with carbonate of soda and potassa, or bisulphate of 
potassa. l£is decomposition and Solution may, however, be effected 
also by heating them, reduced to a fine powder, with hydrochloric acid 
of 25 per cent, or with a mixture of o parts by weight of hydrated 
sulphuric acid, and 1 part by weight of water, in sealed glass tubes, to 
20(r-21(f for two hours (A. Mitscherlich). 

4. Potassa and soda throw down from Solutions of alumina salts a 
bulky pecipitate of hydrate of alumina (A1,0^ 8 H 0), which con- 
tains alkali and generally also an admixture of basic salt ; this precipi- 
tate redissolves readily and completely in an excess of the precipitant, 
bat firom this Solution it is reprecipitated by addition of chloride (^ 
ammonium, even in the cold, but more completely upon application of 
heat (compare § 63). The precipitate does not dissolve in excess of 
chloride of ammonium. The presence of salts of ammonia does not 
prevent the preoipitation by potassa or soda. 



* Tb« ozite of the third groap may nearly all of them oombine to aaliiie oom- 
poimdi wiÄ boMf ■• well m with adde ; alamina, for initanoe, oombinei with potaaea 
to alumtnate of potaiMs with talphurio add to lulphate of alumina. The oxidei of the 
third foovf etead, aooordinglj^ partlj on the verge betweea baaea and M&di. TWm^ 

wUdilDoluia »»» <0 «beitMar, «f if the caae with the thiM Uift OM^^ 
an tätnion äbo mOdd aeida, 

U2 
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$« Ammmm %jsQ praiores a p ce ^ipiu ie of htbrate of alumina, 
wlinril coasÜE» MnirtnTa soii axl aimixmre of basic salt ; this precipi- 
taa? Aläo r««baHHTi» öl a T^arj coosiiffmbo» exc^ss of the precipitant, but 
wich. «üifiLm'Tr «hiIt. wiiiea is "sitf- r7*4Ser the Iiu^r the quantity of salts 
«£ itmmon^ cuatiiajeii 3. täe jCLinitia. Boiling- promotes precipitation, 
a» 16 drrnw oiE ^sbt exinn» ot ammioiiiL It 15 xins deportment which 
woHiiLQ^ for :htf ccmpiiefii^ pc^iripi-sinoa of hjärmte of alumina from solu- 
tEDMi in. poGfessa bj szl cxü^s ot ohloräie of azmnonium. 

(^. laHiwMftrf ir Ar MJtitüia pnscipitise basic carbonate of alu- 
xi^Ju w^Lch. i» iwnitfvtLic joI^bLe in exi^e» of fixed alkidine carbonate, 
«tti seil üet» suAQtf iiL exLiM» iX carbonase of ammonia. Boiling- pro- 
KtfO» Dcvctpcfiicsoa bj du? Ian»r. 

r. \t sitf ^ivoitica oc a al? of'aluziiina is digested with finelj divided 
HB'hiti /r W^OK^ chie ^nnOH' r«rt of che acid of the alumina salt com- 
toM» vtEk lab^ bttnr&i^ due üWaaed carbonic acid escapes, and the 
aJUBJüu pcvctpc^asü» compiteofly a» htdkate mixed with basic salt 
or Airxt^A: «vvii iivHCiua in the cold snffices to produce this 

?^ JL n> 4w ^ (^ and r. — Tartarv. dtric« and other non-volatile 
mcaaÄr acid» «^mpi^KiHT pn^Tent che precipication of alumina as h jdrate 
wr" bife»c :Mh^ wheft eher an? pcetsi^nc in anr notable quantity. The 
fc^MüHfec^ oif «fefar and sa&iLar ccnnk ssbi^tances intemres with the 

N /'^i wy lu ft f ^r AMit prectpccas» the Phosphate of alumina 
(At^O^ Pi\> triMa «oIusii^^iL» oif ssoirc» of alumina. The bulkr white pre* 
ctMlan? i» dmüIt :soiIubI^ in j^Ksuä or soda Solution, but not in ammonia ; 
tcmkm^ ti?^'' aauttonittM themor« pc^'tpi:;ite$ it from its Solution in potesh 
«r mbu Th« pDK'cpttan? b neadÜT si^luble in hTdrochloric or nitric 
acid. b«t moc tn a^vtac acid (dtdmac«? firom alumina) ; acetate of soda, 
tkw ^fc w ^ pr^'tpitatiK tt trom its Solution in hTdrochloric acid, if the 
^11111» » ttc< tiM> prvdMatnant. Tartarie acid, sugar, Acy do not prevent 
iW fcyct^tat»» «mT p^ix^pbite of ahimina, but citric acid does preyent it 

A i^radi^ «0iil and its Silts do not precipitate the Solutions of salts 

UV j f^^ wtiyi ^ ^' jw ftwA ^ added to rerr concentrated Solutions of salts 
9t ahuaiMk occ«$ii»» dt« gradual $«?mration in the form of crystals, or 
a crn^UiK? powder of $«Iphate of alumina and potash (K'O.S 0. + 
Al,iL8:>0,AHaq.) r- V > , 

11. If ahuttina or one of its Compounds is ismited upon charcoal 
bdoi^ tW Wwpipi?« and afti^murds moistened witlb a Solution of nitrate 
ffimß iiun i f ^^ n^Mlr« and then a^ain stron|rlT ignited, an unfused mass 
of a deep $KY-ixrK color is produced« whicfi consists of a Compound of 
the two oxkletsk The btue «^or beeome$ distinct onlj upon cooling. 
Bt eandlelight it appears riok^t. This reacdon is in ä measure to he 
rdied on onlr in the ca$e «Of infusible or difficultlr fusible Compounds of 
alumina prettr free ftom other oxides ; it is nerer quite decisive, since 
eobalt Solution ^res a blue color under similar circumstances not onlj 
with readilj fusible Compounds» but also with ceitain infusible Com- 
pounds free from alumina, such as the neutral phoephates of the alka- 
lineearths. 
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§ 102. 
i, Sesquioxide of Chrom ruM (Cr,OJ. 

1. Sesquioxide of chromium is a green, its htdratb a bluish 
grajr-green powder. The hydrate dissolves readily in acids ; the non- 
igniteü sesquioxide dissolves more difficultlj, and the ignited sesquioxide 
is almost altogether insoluble. 

2. The SALTS OF sesquioxide of chromium hayeagreen oryiolet 
color. Manj of them are soluble in water. Most of them dissolve in 
hjdrochloric acid. The Solutions exhibit a fine green or a dark violet 
color, which latter, however, changes to 8[Teen upon heating. The salts 
of sesquioxide of chromium with Tolatile acids are decomposed upon 
igniiion, the acids being expelled. The salts of sesquioxide of chromium 
which are soluble in water redden litmus. Anhjdrous sesquichloride 
of chromium is crjstalline, violet-colored, insoluble in water and in 
acids, and volatilizes with difficultj. 

3. Potassa a$uL soda produce in the green as well as in the violet 
Solutions a bluish-green precipitate of hydrate of sesquioxide of 
chromium, which dissolves readilj and completely in An excess of the 
precipitant, imparting to the fluid an emerald-green tint. Upon kmg^ 
emtmued ebullition of this Solution, the whole of the hydratea sesoui- 
oxide separates again, and the supernatant fluid appears perfectlj color- 
less. The same reprecipitation takes place if chioride of ammonium is 
added to the alkaline Solution. Application of heat promotes the Sepa- 
ration of the precipitate. 

4. Ämmonia produces in green Solutions a grayish-green, in violet 
Solutions a grajish-blue precipitate of hydrate of sesquioxide of 
chromium. The former precipitate dissolves in acids to a ^een fluid^ 
the latter to a violet fluid. Other circumstances (concentration, way of 
adding the ammonia, &c.) exercise also some influence upon the com- 
position and color of these hydrates. A small portion of the hydrates 
redissolves in an excess of the precipitant in the cold, imparting to the 
fluid a peach-blossom red tint ; but if afber the addition of ammonia in 
excess neat is applied to the mixture the precipitation is complete. 

ö. Carbonates of the alkaltes precipitate basic carbonate of sesqui- 
oxide of chromium, which redissolves with difficulty in excess of the 
precipitant. 

6. Carbonate of haryta precipitates the whole of the sesquioxide as a 
greenish HYDRATE MiXED WITH BASIC SALT. The precipitatiou 
takes place in the cold^ but is complete only after long-continued 
digestion. 

N.B. to 3, 4, 6, and 6. — ^Tartaric and citric acids, sugar, and oxalic 
acid interfere more or less with the precipitation of violet or green Solu- 
tions of oxide of chromium by ammonia, the first formed precipitates 
frequently redissolving entirely to red fluids after long standing. The 
above named acids generally prevent altogether the precipitation by 
carbonate of soda. In the presence of these acids also the precipitation 
by carbonate of baryta is incomplete. 

7. If a Solution of sesquioxide of chromium in Solution of potassa or 
soda is nnxed with some brown peroxide of Uad, in excft%%) viA \!ga 

mixture ia boiled a tfhort tdme, tbe sesquioxide of c\iTomYani\a oiBÖiaftÄ^ 
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to chromic acid. A jellow fluid is therefore obtained on filtering, which 
consists of a Solution of Chromate of oxide of lead in Solution of 
potassa or soda. lipon acidifying this fluid with acetic acid, the Chro- 
mate of lead separates as a yellow precipitate (Ghancel). Very 
minute traces of chromic acid may be detected in this fluid with still 
greater certainty bj acidifying' with hjdrochloric acid, and bringing it 
in contact with peroxide of hydrofen and ether. Compare § 13o. 

8. The fusion of sesquioxide of chromium or of anj of its Compounds 
with nitraU of soda and earbonate of soda^ or still better, with chlorate of 
poiasia and earbonate ofsoda^ giyes rise to the formation of jellow alka- 
LiNE CHROMATE, which dissolyes in water to an intenselj jellow fluid. 
For the reaclions of chromic acid see § 138. 

9. Phosphate ofsoda and ammania dissolves sesauioxide of chromium 
and its salts, both in the oxidizing and reducing name of the blowpipe, 
to clear beads of a &int jellowish-green tint, which upon cooling 
ehanges to emerald-oreen. The sesquioxide of chromium and its 
aalts show a similar reaction with Mborate of soda. The Bunsen gas 
flame is used for the experiment, or the blowpipe flame. 

§ 103. 

ReeapitulaHon and remarks, — ^The solubilitj of hjdrate of alumina in 
Solutions of potassa and soda, and its reprecipitation from the alkaline 
Solutions bj chloride of ammonium, aflbrd a safe means of detecting 
alumina in the absence of sesquioxide of chromium. But if the latter 
substance is present, which is seen either bj the color of the Solution, or 
bj the reaction with phosphate of soda and ammonia, it must be remoyed 
before alumina can be tested for. The Separation of sesquioxide of 
chromium from aliunina is effected the most completelj bj iusing 1 pari 
of the mixed oxides with 2 parts of earbonate and 2 parts of chlorate of 
potassa, which maj be done in a platinum crucible. The jellow mass 
obtained is boiled with water ; bj this process the whole of the chro- 
mium is dissolyed as Chromate of potassa, and part of the alumina as 
aluminate of potassa, the rest of the alumina remaining undissolyed. If 
the Solution is acicUfied with nitric acid, it acquires a reddish- jellow 
tint ; if anunonia is then added to feebl j alkaline reaction, the dissoived 
portion of the alumina separates. 

The |)recipitation of sesquioxide of chromium eflected bj boilino^ its 
Solution in Solution of potassa or soda is also sufficientlj exact ü the 
ebullition is continued long enough ; still it is often liable to mislead in 
cases where onlj little sesquioxide of chromium is present, or where the 
Solution contains organic matter, even though in small proportion onlj. 
I have to call attention here to tiie fact that the solubintj of hjdrated 
sesquioxide of chromium in an excess of cold Solution of potassa or soda 
is considerably impaired bj the presence of other oxides (prqtoxides of 
manganese, nickel, cobalt, and more particularlj sesquioxide of iron). 
If these oxides happen to be present in lar^e excess thej maj eyen 
altogether prevent the Solution of the hjdrated sesquioxide of chromium 
in potassa or soda Solution. Lastlj, the influence of non-volatile 
organic acids, sugar, &c., upon the precipitation of alumina and sesqui- 
oxide of chromium bj ammonia, (&c., must be remembered. If organic 
substances are Dresent therefore, ignite, fuse the residue with earbonate 
Büd chlorate ofpotaaBO, and proceed aa direct^ ^>eioT«. Ixlt^^s^cXM:^ 
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the detection of traces of alomina bj an alcoholic solation of morin, 
compare Goppels rode r.* 

SpecUU Rtactums ofihe rarer Oxidet oftke thirdgroup. 

§ 104. 

1. BiBTLLA (Be, 0|). 

^ BeryDa ta a nre earth found in the form of a tilicate in phenaoite, and, with other 
riKrat e » , in beryl, euclase, and some other rare minerals. It ia a white, taateleea 
povder inaoloUe in wat^r. The ignited earth dissolves slowly but oompletely in aoidi ; 
it it readily solable after fusion with bisolphate of potasaa. The hydrate diuolvea 
radily in acida. The Compounds of berylla very much reaemble the alumina com- 
poQDde. The aoluble berylla ealts have a sweet aatringent taste ; their reaotion is 
slkaline. The native Silicates of berylla are completely decomposed by fosing with 
4 parts of carbonate of soda and potassa. PoiaMta^ toda, ammonia, and $vlpkide of 
SMumtaM throw down firom solation of berylla salts a white flocculent hydrate, whioh 
ii insoluble in ammonia, but dissolves readily in solation of potassa or soda, from 
which Solution it is precipitated again by chloride of ammonium; the ooncentrated 
ilksline sdutions remain dear on boiling, but from more dilute alkaline Solutions 
ilmost the whole of the berylla separates upon continued ebullition (difference between 
berylla and alumina). Upon continued ebullition with chloride of ammonium^ the 
freshly precipitated hydrate dissoWes as chloride of beryllium, with expulsion of am- 
monia (difference between berylla and alumina.) Carbonatet of tb^ (ükaliet preoipitate 
white carbonate of berylla, which redissolves in a great ezcess of the carbonates of the 
fized alkalies, and in a much lese considerable ezcess of carbonate of ammonia (most 
diaracteristic difference between berylla and alumina, but they cannot be completely 
isparated in this way, as in tbe presenoe of berylla acertain quantity of alumina dissolves 
in carbonate of ammonia, JoT). Upon boiling these solutious basic carbonate of berylla 
nparates, readily and completely from tbe Solution in carbonate of ammonia, but 
ODly npon dilution and imperfectly from the Solutions in carbonates of the fixed alka- 
fies. Ctn^HnuUe of bar^fta precipitates berylla completely upon cold digestion. Oxalie 
aad and Oxalates do not preoipitate berylla (difference between berylla and thnria, 
lirconb, yttria, erbia, protoxide of cerium, ozide of lanthanium, ozide of didymium). 
Berylla when fused with 2 parts of acid fluoride of potatsium, dissolves in water 
sddified with hydrofluoric acid. (This reaction serves as a means of separating berylla 
from alumina, for when alumina is similarly treated it remains insoluble as fluoride of 
alomininm and potassium.) Moistened with Solution of nürcUe of protoxide of eobalt, 
tbe berylla Compounds give gray masses upon ignition. 

2. TaoBiA (Th 0). 

Thoria ia a very rare earth found in thorite and monaoite. It is white, while 
bot, yellow. The ignited earth is soluble only upon heating with a mixture of 1 part 
of concentrated solpbnric seid and 1 part of water ; but it is not soluble in other acida, 
not even after fosion with alkalies. When evaporated with hydrochloric or nitrio seid, 
the oorreaponding aalta are left in a vamish-like form, which disaolvea at onoe in water 
eompletely. Hydrochloric and nitric acids precipitate from such Solutions the chloride 
or nitrate ; even suipburio acid may produce a precipitate in the Solutions (Bahr). 
The moiat hydrate diaaolvea readily in acids, the dried hvdrate only with difficulty. 
Chloride of thorinm ia not volatile. Thorite (Silicate of thoria) is deoomposed by 
Boderately ooncentrated sulphuric acid and also by concentrated hydrochloric acid. 
PoUusa, ammonia, and tulphide of ammonium precipitate from Solutions of thoria 
salts white hydrate, which is insoluble in an ezcess of the precipitant, even of potassa 
(di£Berence between thoria and alumina and berylla). Carbonate ofpotaua and car6o- 
nate of ammonia precipitate basic carbonate of thoria, which readily dissolves in an 
ezoess of tbe precipüant in concentrated aolutions, with difficulty in dilute aolutiona 
(difference between thoria and alumina). From the Solution in carbonate of ammonia 
bade aalt separates again even at 50^ Carbonate of baryta precipitates thoria com- 
pletelr. Ufydrqßuoric acid precipitates tbe fluoride which at first appears gelatinous, 
but aner a little idiile pnlverulent. The precipitate is insoluble in water and hydro* 
flnorie acid. (Bmbw thoria di£brs from alumina, berylla, ziroonia, and titanio aoid.) 



• Zeitmshr, f, anaJ. Chem. 7, 20S. 
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Oxalie actd prodüoes a white precipitate (here thoria differs from berylla and'alumiiia). 
The precipitate does not dissoWe in oxalie acid nor in dilute mineral aoids, but it does 
dissolve in a Solution of acetate of ammonia containing ^e acetic acid. (Here thoria 
differs from yttria and protozide of cerium). Tbe precipitate is insoluble in excess of 
ozaUte of amnicmia (difference between thoria and ziroonia). Sulpkate^ ofpoUuaa in 
oonoentrated Solution precipitates thoria slowly bat completely (here thoria differs from 
alumina and berylla). The precipitate consists of sulphate of potassa and thoria; 
it is insoluble in concen tratet! Solution of sulphate of potassa ; itdissolves with difficulty 
in oold and also in bot water, but readiiy on addition of some hydrochloric add. On 
heating the neutral Solution of sulphate of thoria in oold water, it separates in the form 
of a heavy white curdy precipitate (difference between thoria and alumina and beiylla). 
Tbis precipitate redissolves in oold water (in which it differs from titanio acid). Hypo- 
iulphite ofioda precipitates from neutral or slightly acid Solutions on boiling hyposol- 
pbite of doria mixed witb sulpbur ; the precipitation, however, is not quite oompleta 
(difference between thoria and yttria, erbia and oxide of didymium). 

8. ZifiOONiA (Zr 0^. 

Found in ziroon and some other rare minerals. A white powder insoluble in hydro- 
chloric acid, soluble upon addition of water, after continued heating with a mixture of 
2 parts of hydrated sulphuric acid and 1 part of water. The hydrate resembles 
hydrate of alumina, dissoWing readiiy in hydrochloric acid when precipitated oold, and 
still meist, but with difficulty when precipitated hot, or after drying. The sirconia 
salts soluble in water redden litmus. The native Silicates of zirconia may be deoom- 
posed by fusion with carbonate of soda. The finely elutriated Silicate is fused at a 
high temperature, together witb 4 parts of carbonate of soda. The fused mass gives 
to water siücate of soda, a sandy ziroonate of soda being left behind, which is wadied, 
and dissoWes in hydrochloric acid. Zircon may easily be deoomposed by fusion with 
acid fluoride of potassium at a red heat, fluosilicate of potassium and double fluoride of 
zirconium and potassium being produced. Potatta, toda, ammonia, and $iUphtde of 
ammonium precipitate from Solutions of zirconia salts a flocculent hydrate, which is 
insoluble in an excess of the precipitant, even of soda and potassa (difference between 
zirconia and alumina and berylla), and is not dissolved even by boiling Solution of 
cbloride of ammonium (difference between zirconia and berylla). Öarbonates o/potoMta, 
ioda, and ammonia^ throw down carbonate of zirconia as a flocculent precipitate, which 
tedissoWes in a large excess of carbonate of potassa, more readiiy in bicarbonate of 
potassa, and most readiiy in carbonate of ammonia (difference between zirconia and 
alumina), from which Solution it precipitates again on boiling. Oxalie acid prodüoes 
a bulky precipitate of Oxalate of zirconia (difference between zirconia and alumina and 
berylla), wbich is insoluble in oxalie acid, soluble in hydrochloric acid, soluble in excess 
of Oxalate of ammonia (difference between zirconia and tlioria). A concentrated Solu- 
tion oftulphate ofpotaua speedily prodüoes a white precipitate of sulphate of zirconia 
and potassa insoluble in excess of tbe precipitant (difference between zirconia and 
alumina and berylla), which — if precipitated oold — dissolves readiiy in a large propor- 
tionuf hydrochloric acid, but isaunost absolutely insoluble in water and in hydrochloric 
acid if precipitated hot (difference between zirconia and thoria and protoxide of cerium). 
Sulphate of ziroonia is difficultly soluble in cold water, readiiy soluble in hot water 
(difference between ziroonia and thoria). Carhofutte of baryta does not precipitate 
ziroonia salts oompletely, even upon boiling. ffydrqßuorie acid does not precipitate 
zirconia salts (difference between zirconia and thoria and yttria). ffyponUphite of 
soda precipitates zirconia salts (difference between zirconia and yttria, erbia, and oxide 
of didymium). The Separation of the h'ypoeulphite of zirconia takes place on boiling 
even in tbe presenoe of 100 parts of water to 1 part of the oxide (difference between 
zirconia and protoxide of cerium and oxide of lanthanium). Turmeric paper dipped 
into Solutions of zirconia slightly acidified with hydrochloric oc sulphuric acid, acquires 
a brownish red color after drying (difference between zirconia and thoria). In tbe 
presence of titanio add, which aUo has tbe effect of turning turmerio paper brown, 
treat the acid Solution with zinc first, to reduce the titanic acid to oxide of titanium, 
the Solution of which does not affect turmerio paper (PiSAiri). 

4. Yttria (YO). 

Yttria is a rare earth found in gadolinite, orthite, yttro-tantaüte. When pure it is 

pale yellowiah- white, when ignited in theoxidizing flame it emits a white light (difference 

between yttria and erbia) without fusing or volatilizinff. In nitric, hydrochloric, and 

dDate gnipburio acid it is difficultly soluble in the oold, but on warming it dissolves 

oompleiely after §ome ttme. The Boluüona are coMwa, and Y^^ynM Üy^ %a^\a^ ^«^ 
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bve in acid Toaetion «od a sweetbh attringoit Uate. TitrU does not oombine with 
«itflr. YUria ander no dreoniiUnoet yields a spectrum, nor do the Solutions of its 
Mlti ihow any abaorption banda (Bahr and Bukbui ). Anhydroui chloride of yttrinm 
k not Tolatile (dUffisrenoe between yttria and alnmina^ berylla and ziroonia). Potaua 

K'pitatoa white bjdrate, ^luch is insolnble in an exoen of the precipitant (differenoe 
«en jttria'aDd alnmlna and beiylla). Ämmonia and tvlphtde of ammoniwtn pn>- 
dnot the aaine reaction. Pretenoe of a small quantity of chloride of ammonium will 
not prerent the preoipitation by tulphide of ammonium ; but in preaence of a largfe 
ride of ammonium tulphide of ammonium fails to precipitate Solutions of 



I of ehloride of ammonium sulphide of ammonium falls to precipitate 
■dts of yttria. CarbimaU» of Üu alkaliei produce a white precipitate, which diasolvM 
«ith diffioultj iB carbonate of potassa, but more readily in bicarbonate ef potassa and 
m carbonate of ammonia» though by no means so readily as the oorresponoing berylla 
precipitate. The Solution of the pure hydrate in carbonate of ammonia deposits on 
boüing the wbole of the yttria ; if chloride of ammonium is präsent at the same time, 
tbs is deeomposed npon con^ued heating, with Separation of ammonia, and the 
pradpitated yttria redusolvM as chloride of y ttrium. Satnrated Solutions of carbonate 
of yttria in carbonate of ammonia have a tendency to deposit carbonate of yttria and 
aamonia» which should be bome in mind. Oxalie aeid produoes a white precipitate 
(diffsmce between yttria and alnmina and berylla). The precipitate does not dissoWe 
io oxalie aeid, but it diasolves with difficulty in dilute bydrochloric acid, and it is par- 
tisUy diMolTed by boiling with Oxalate of ammonia. Sulp/uUe of yttria and potataa dis- 
iolves readily in water and in a Solution of snlphate of potassa (diflerence between yttria 
lad thoria, xirconia and the bases of cerite). Ca/rb<maU of barjfta pruduoes no precipitate 
m the eoU (diflerenoe between yttria and alumina, berylla, tboria, oxide of cerium, and 
oxide of didf mium), on boiling eren the precipitation is inooroplete. Turmerie paper 
ii not aUeied b^ acidified solutions of salt of yttria (diflforenoe between yttria and zir- 
eoaia). Titrtanc aeid doea not interfere with the precipitation of yttria by a&Lalies (charao- 
tiristie diffsrenoe between yttria and alumina, berylla, tboria, and zirolnia). The pre- 
cipitate ia tartrate of yttria. The precipitation ensues onl^ after some time, but it is 
eomplete. Mypondpkite of toda does not precipitate yttna (differenoe between yttria 
aad alnmina, thoria, zuconia, and titanio acid). ffydrq/luoric acid produces a preci- 
pitate (here yttria d^rs from alumina, berylla, zirconia, and titanic acid) ; tbe^ preoi- 
pitste it gelatinoas, intoluble in water and hydrofluoric add ; before ignition it wUl 
ditniTe in mineral acidt, after ignition it is deeomposed only by strong sulphurio 
uatL A eold taiarated tolution of the nUpkate beeomes turbid vA«» heated to between 
80* and 40* ; on boiling almott the whole of the talt separates. Yttria gi^es clear 
cwlorlttt beadt with bmx and pkotphaie of toda and ammonia in both the outer and 
~~Mr ilame (di£forence between yttria and protoxide of cerium and oxide of didymium). 

5. GxiDi OF Ebbium (Er 0). 

Oxide of erlnum acoompaniet yttria in gadolinite.* It is distingnished by its fine 
• oolor, it doet not alter on ignition in hydrogen, and does not fuse in the higbest 
white h e at When ttrongly heated in the form of a spongy mass, it glows with an 
btente gretn light In nüric, hydro^loric, and $ulphuric acid it dissolves with diffi- 
eulty, bat on warming completely. Its jo^t have a more or less brigbt rose tint, which 
is strongo- generally with the hydrated than with the anbydrous salts, they have an 
seid leaction and a sweetish astimgent taste. The oxide of erbiom does not oombine 
diraetly with water. The snlphate when hydrated diasolves in water with difficulty, 
wben anhydrout it dittolvet readily. The basic nitrate (2 ErO, N0, + 3aq.) fonns 
bfigfat rote colored, needle-sbaped crystals, which are diffioultly soluble in nitric acid, 
demmpoaed by water into nitric acid and gelatinous hyperbasio salt, and yieid the 
oxide OD ignition. The Oxalate is a rose colored, haavy sandy powder. Finally the 
oxide of erbium is moet decisively characterized by the abtorption-tpectrum which is 
giTen by the tolutiont of its talts. Of the absorption bands a lies between 71 and 
74, ß between 64*5 and 65*5, y between 32*6 and 880, S between 85 and 91 on the 
ipeetmm table. If the tolid ignited earth is saturated with not too concentrated 
phoephoric acid and reignited, a direot spectrum is obtained, the bright lines of which 
ooincide with the darlL ones of the absorption'Speotrum. With borax and microcotmie 



* HoOAJroxB imagined that he had separated also another earth, namely, the oxide 
of t«biam. Popp oontidered both eartht to be mixturet of yttria with oxide of cerium 
and oxide ofdidyminm« Dilapostauts defended Mobakskb's view. Howa^cec Bkw^ 
and BuHSSV fauad iDgadoIiaite only one other earth beudet 3ritria,iAin!i^S% Qi^<^ ^^ 
0rbiam (AnmU. d, OmiL o. Pbann. 137, 1). 
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$aU the Oxide of erbium gives beads which are dear and colorleas when hot and also 
after coolinsr (difference Mtween oxide of erbram and protoxide of cerium and oxide 
ofdidymiu^): 

In tbe Separation of oxide of erbiam from yttria, wbich sbow a great likenen to 
eaoh other in tbeir deportment to reacents, Bahb and Bunsbn make uaä of the different 
behaviour of the nitrates when heateu. The Separation is however not oomplete onka 
the prooesH is repeated over and over again, oompare op, ca., p. 3. 

6. Oxides of Ce&ium. 

Cerinm is a rare metal ; it is found in the form of protoxide in cerite, orthite, ke, 
It forms three oxides, the protoxide (CeO), the sequioxide (Ce^O,) and the peroxide 
(CeO^ which are capable of entering into combination with each other. The hjdrate 
of the protoxide is white, bat toms yellow npon exposure to the air, by absorption of 
oxygen. By ignition in- the air it is oonverted into orange-red or red sesqaioxida 
(differenoe between it and the preceding earths). Hydrate of protoxide of cerium dis- 
■olves ruadily in acids. Ignited sesquioxide of cerium containing oxide of lanthanium 
and didymium dissoWes re&dily in hvdrochloric acid, with evolution of chlorine : in the 
pure State it dissolves very slightly m boiliog hydrocbloric acid, except upon addition 
of some aloohol (difference between oxide of cerium and thoria and zirconia) ; the Solu- 
tion contains protochluride. The sesquioxide dissolyes in concentrated sulphnric acid, 
although with difficulty ; it is hardly attacked by nitrio acid. The sesquioxide obtained 
frora the Oxalate when evaporated with nitric acid yields a basic salt, which giyes an 
emulsion with water, and is not completely soluble in very oonsiderable quanüties of 
water (difference from thoria). The salts of protoxide of cerium are colorless, oooa> 
Bonally with a slight shade of amethyst red ; the soluble protoxide salts redden litmus« 
Protodiloride of cerium is not TolatUe (difference from alumina^ berylla, and ziroonia). 
The sulphate dtfes not dissoWe entirely in boiling water. Cerite (hydrated Silicate of 
protoxide of cerium 2 [Ce O, La 0, Di 0] Si O, + 2 aq.) does not dissolre in aqua rqgia ; 
imt is decomposed by fusion with carbonate of soda, and also by concentrated snl- 
phurio add. Polaua precipitates white hydrate, whieh tums yellow in the air, and 
does not dissolve in an excess of the precipitant (difierence from alumina and berylla). 
Ammonia precipitates basic salt, which is insoluble in an excess of the precipitant. 
Carb<m€Uet of the alkalü» produce a white precipitate, which dissolves sparingly in an 
excess of carbonate of potassa» some^hat more readily in carbonate of ammonia. OxaUe 
acid produces a white precipitate ; the precipitation is oomplete even in moderatelj 
add Solutions (differenoe from alumina and berylla). The predpitate is not disaolTed 
by oxalio acid ; but it dissolves in a large proportion of hydrocbloric acid, A saiurated 
Solution oi mdphate ofpotcusa precipitates, even from somewhat acid Solutions, white 
sulphate of potassa and protoxide of cerium (differenoe from alumina and berylla), 
which is difQcultly soluble in cold water, readily soluble in hot water and altogether 
insoluble in a saiurated Solution of sulphate of potassa (differenoe from yttria). The 
predpitate may be dissolyed by boiling with a hurge quantity of water, to which eome 
hydrocbloric acid has been added. Carbonate of haryta precipitates Solutions of oerium 
salts slowly, but completely upon long-continued action. Tartaric a^id prevents pre- 
cipitation by ammonia (difference from yttria) but not by potassa. ffypoaulphite of 
9oda does not precipitate oerium, even on boiling with very concentrated Solutions. Tbe 
precipitated sulphur only carries down traces of the salt with it. If we conduet chlorine 
through a Solution of protoxide of cerium not too acid and mixed with aoetate of soda, 
or if we add hypochlorite of ioda to such a Solution, all the cerium is predpitated as 
light yellow peroxide (free from didymium and lanthanium, Popp). If a salt of protoxide 
of cerium be dissolved in nitric acid, with addition of an equai volnme of water, and if a 
small quantity of binoxide of lead be added, and the liquid be boiled for some minutes, 
the Solution tums yellow, even if only small quantities of cerium be present. On 
evaporating this Solution to dryness, heating tbe residue tili a portion of the add 
escapes, and treating it wilh water addified with nitric add, no cerium will be dissolved, 
but any didymium and lanthanium preseot will be dissolved (GiBBs). Solutions of 
salts of sesquioxide of cerium are precipitated in the cold by carbonate ofbaryt€U HypO" 
avlphite of aoda precipitates a Solution of nitrate of sesquioxide of cerium. Borax 
and phosphaie of aoda and ammonia dissolve cerium oxides in the outer flame to 
yellowish red beads (difference from the preceding earths) ; the coloration gets fainter 
on cooling, and often disappears altogether. In the inner flame oolorless beads are 
obtained. 

7. OxiDB OF Lanthakiüm« 

TItis oxide Ib genenMy found associated 'mt^i ^ToVAXidA o\ ovrraxsk. \N.\a^\fi^i^«siL 
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nBÜn unmHflred by ignition in the air (difliDrenoe from protoxide of oerinni). In 
eoBtact witb oold water it is alowlj oonvertad into a milk-white hydrate ; with bot 
«iter the oonTeraion ta rapid« The oxide and its bydrate cbange the oolor of reddened 
fitmoi-paper io bliie ; Um diMolve in boiling Solution of ohioride of ammonium, also 
m dflote acids. Oxide of lanthaniom in this reeemblee raagnesia. The salts of oxide 
oflMithaniom are oolorlan ; the laturated Solution of sulphate of oxide of lanthanium 
B oold wafcer deposits a pcnüon of Uie salt alreadj at SO** (diflbrenoe from protoxide 
of eerinm). Smlpkate <if potasto» axdUe <Meid, and earbonate of baryta give the same 
icoetions aa with protoxide of oerium. Potataa precipitates hjdrate, whioh isinsoluble 
in sn exoeea of the preoipitant, and does not tum brown in the air. AfMnonia preci- 
pitstsa baaio aalte, which pass milky throngh the filter on washing. The precipitate 
prodoecd bj earbonate of ammonia is insoluble in an excess of the precipitant 
(difiarenoe ftnm protoxide of cerium). If a oold dilute Solution of acetate of oxide of 
Uathaninm ia saperaaturated witb ammonia, the slimy precipitate repeatedly washed 
with eold water, and a little iodine in powder added, a blue coloration niakes its appear- 
iDoe, which gradnally penrades the entire mixture (characteristic differenoe between 
oxida of lanthanium anid the other eartiis). 

8. OXIDI OP DiDTMIUlC 

This oxide, Uke the oxide of lanthanium and in oonjnnction with it, is found assooi&ted 
lith the protoxide of cerium. After intense ignition it appears white, moistened with 
Ditric acld and feebly ignited dark-brown, afber intense ignition again white. In 
ooptaet with water it ia slowly converted ioto bydrate ; it rapidly attracts carbonio 
seid; ita reaction is not alkaUne; it dissolves readily in acids. The concentrated 
■duüons haTe a reddish or a faint violet color. The nitrate on heating is firat con- 
Terted into a baöo salt (i Di O, N 0, +5 aq., difference from lanthanium) which is gray 
vfacD hot and also when oold (difference from erbium). The chloride is not volatile. 
Tbe satoratad Solution of the sulphate deposits salt, not at 80^ but upon boiling. 
Ptt9iKL precipitates hydrate, which is insoluble in an excess of the precipitant, and 
does not alter in the air. Ammonia precipitates basic salt, which is insoluble in am- 
BMMiiay bat slightly soluble in chloride of ammonium. Carbonatet of the alkcUies pro- 
dooe a eopious precipitate, which is insoluble in sn excess of the precipitant, even in an 
oessB of earbonate of ammonia (differenoe from protoxide of cerium), but dissolvns 
iMitlj in ooneeutrated Solution of chloride of ammonium. Oxalic (xcid precipitates 
■fis of oxide of didyminm almoet oompletely ; the precipitate is difficultly soluble in 
oold hjdrochlorio acid, but dissolves in that menstruum upon application of heat. 
Oarbomaie of baryta precipitates oxide of didymium from its Solutions slowly (more 
ibwlj thaa protoxide of oerium and oxide of lanthanium), and never completely. A 
ooooentnUed Solution of nUphaU ofpoUiua precipitates didymium Solutions more slowly 
ttd leas oompletely tban protoxide of cerium Solutions, llie precipitate is insoluble in 
«dution of sulphate of potassa, and in water (Dblafontaink), but it dissolves in hot 
^rochloric acid with difiBculty. Hypondphite of $oda does not precipitate Solutions 
of didymlmn. Oxide of didymium gives with borax in both flames a nearly colorlei» 
bead, which in the presenoe of large quantities bas a faint amethyst-red tinge. PhoS' 
pkatg of9oda and ammonia dissolves ihe oxide in the reducing flame to an ameth^st- 
fed bead isdining to yiolet. With earbonate of 8oda in the outer flame a grayish- 
vhite maae is obtained (difference from manganese). The absorption-spectrum given 
bj the solotions of the salts is peculiarly characteristic für didymium. This was finit 
described by Gladstone, and afterwards by 0. L. Ebdmann and Delafontainb. 
Bahb and BUMaiv have laid down the exact position of the bands (Zeitschr. f. anaU 
Cham. 5, 110). A direct spectrum may also be obtained from didymium as from 
erbiumy bat it is by no means well marked. 

For the Separation of cerium from lanthanium and didymium, oue of the foUowing 
methoda may be used : — a, Nearly neutraiize the Solution of the three metals, if acid, 
withoat aliowing any permanent precipitate to form, add a sufficient quantity of acetate 
of soda and an exoess of hypochlorite of soda, and boil for some time ; the cerium will 
&1I aa peroxide, wkile lanthanium and didymium reniain in Solution. (Popp, Ann. d. 
Chem. a. Pharm., 131, 860). b. Precipitate the metals with potassa, wash, suspend 
the ptedpitate in potassa, and pass ehlorine. Lanthanium and didymium dissolve ; 
the peroxide of oenom remains bebind. (DAifouR and St. Clairb Detillk, CompU 
ReiMl.y 69, 272). e. Dissolve in a large exoess of nitric acid ; boil with peroxide of 
lead ; arapoimte the orange oolored Solution to diyness, and heat tbe teavdvLe tUl % 
portion of the seid eaas/Mis; tnAa« witb wator acidulated with nitnc aß\d, M\d«&v*>^'^ 
täeiBmabtbhlm^ttiinU9of§etquioxid9 of oerium from the Solution ^bi<^ coxAMa «^ 



108 RARE OXIDES. GROUP HI. [§ 104. 

the lanthanium and didymium. (Gibbs, Zeitschr. f. anal. Chem., 8, 896). In nsing 
the laat method, before proceeding with tbe residue or solation, the lead must be fixst 
aeparated by aalphuretted bydrogen. d. Heat tbe cbromates to 110*", and treat with 
bot water to exträct tbe undecomposed componnds of lantbanium and didymiam. The 
oerium remains bebind as insoluhle sesquioxide (Pattinbon and Clark, Cbem. News, 
16, 259). From the Solution of lantbanium and didymium obtained by one or otber dT 
the above metbods, tbe bases are precipitated with Oxalate of aromonia, the oxalatea 
are ignited, and the oxides thos obtained are treated with dilute nitric acid. If tbe 
Separation of cerium was incomplete, the remainder of the cerium will bere remain 
behind. The Solution is evaporated in a dish with a flat bottom to dryness and beated 
to 400*'-50U^ The salts fuse ; nitrouH fumes escape. Tbe residue is treated with bot 
water, which dissoWes the nitrate of lantbanium, leaving behind gray basic nitrate of 
didymium. By a repetition of the evaporation, &c., tbe two bases may be satisfactorily 
aeparated. (Damoub and St. Clajbi Dkvillb.) Another method of Separation, 
which is bowever less complete, consists in Converting the didymium and lantbanium 
into sulpbates, making a saturated Solution of tbe dry salts in water at 5° or 6% and 
heating the Solution to 30", when the snlphate of lantbanium isforthe mostpart thrown 
down and tbe sulphate of didymium is for tbe most part held in Solution. For another 
method of separating lantbanium and didymium, which requires tbe presence of a oon> 
•iderable quantity of cerium, oompare Cl. Winklbb (2!eitschr. f. anaL Cbem. 4, 417.) 

9. TiTAirio AoiD. 

Titaninm forms two oxides, sesquioxide of titanium (Ti,0,) and titanic acid (Ti 0,). 
Tbe latter is somewhat more frequently met with in analysis. It is found in the free 
■täte in rutile and anatase, in combination with bases in titanite, titaniferous iron, ko, 
It is found in small proportions in many iron eres, in clays, and generally in sUicatas, 
oonsequently also in blast furnaoe slags. The small oopper-colored cubee which are 
occasionally found in such slags consist of a combination of Cyanide of titanium^ with 
nitride of titanium. Feebly ignited titanic acid is white ; it transiently aoquires a 
lemon tint when beated ; very intense ignition gives a yellowish or brownish tint to it. 
It is infusible, insoluble in water, and its specific gravi ty is 8'9 to 4*25. The Chloride 
(Ti Cl,) is a colorless volatile fluid, fuming strongly in the air. 

a. Deportment vfith addt and reaction» of acid iolutions of tüanie acid. — Ignited 
titanic acid is insoluble in acids, except in hydrofluoric acid and in concentrated sul- 
phuric acid. If tbe Solution in hydrofluoric acid is evaporated with sulphuric acid, no 
fluoride of titanium will volatilize (diflerence from silicic acid.) With bisulpbate of 
potassa it gives upon sufficiently long-continued fusion a dear mass, which is comp}etd,y 
■oluble in a large proportion of cold water. Titanic is very easily obtained in the State 
of a clear Solution, by fusing with acid fluoride of potassium and dissolving the fusion 
in dilute bydrochloric acid. The fluoride of potassium and titanium is difficultly 
soluble in water, 1 part requiring 96 parts at 14^ Hydrate of titanic acid dissolves, 
both moist and when dried without the aid of heat, in dilute acids, especially in hydro- 
obloric and sulphuric acids. All the Solutions of titanic acid in bydrochloric or sul- 
phuric acid, but more particularly the latter, when subjected in a highly dilute stato 
to long-continued boüing, deposit titanic acid as a white powder (hydrated metatitanic 
acid) insoluble in dilute acids. Presence of much free acid retards the Separation and 
diminisbes the quantity of the precipitate. The precipitate which separates from the 
hvdrocbloric acid Solution may, indeed, be filtered, but it will pass milky through the 
filter upon washing, except an acid or chloride of ammonium be added to the washing 
water. Solution ofpotaua throws down from Solutions of titanic acid in bydrochloric 
or sulphuric acid hydrate of titanic acid as a bulky white precipitate, which is insoluble 
in an excess of tbe precipitant ; ammoitto, tulphide of ammonium^ and carhonaU of 
baryta act in the same way. The precipitate, thrown down cold and wasbed with cold 
water, is soluble in bydrochloric acid and in dilute sulphuric acid ; presence of tartarie 
acid prevcnts its foruiation. Ferrocyanide of potassium produces in acid Solutions of 
titanic acid a dark-brown precipitate ; infusion ofgalU a brownish precipitate, which 
■peedily tums oranue-red. On boiling a Solution of titanic acid with hyponUphite of 
9oda^ the whole of the titanic acid is Üirown down. Phosphate of soda throws down 
the titanic acid almost compietely as phosphate of titanic acid even from Solutions con- 
taining much bydrochloric acid. The wasbed precipiUte consists of 2 Ti O^ PO, 
(MiRi). Zine or tin produoes after some time a pale violet or blue coloration ; sub- 
■equently a blue precipiUte, which gradually beoomes white. The coloration is caused 
by the reduoUon of the titanic acid to senquioxide of titanium. If to the blue but still olear 
Solution potassa or ammonia is added, blue hydrated sesauioxide of ütanium separates, 
which la graduai^ oonveriwl mto white hydrated ütanioMud with deournpoeiücn of water. 
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TW reduction of titanic acid in hydrochloric Solution take« pUce also in the presenoe of 
Isoride of potassiam (differanoe from niobic acid), the fluid becoming bright green. 
TWiolaüons of chloride of titanium in water have properties whicb vary according to 
their preparation with bot or cold water. The Solution prepared with cold water is not 
pndpitated by solphuric aoid, nor by hydrocbloric, nor by nitric, it is precipitated by 
phospboric actdy arsenic acid, or iodic acid ; bnt if tbe Solution be boiled only for a few 
Noonds it becomeii aligbtly opalescent, and so far modified tbat hydrochlorio and nitric 
aeids prodooo white prooipiiates in it which are insoluble in excess of the acids, sul- 
phane add also preoipitates it, bot an excess redissolves the precipitate. The Solution 
wepared in the oold contains titanic acid, the boiled Solution contains metatitanic acid. 
Tbe differanoe also attaches to the hydrates. (R. Wbbkb, Pogg. Ann. 120, 287.) 

h, Reaction» with aüadies. — Recently precipitated hyilrate of titanic acid is aJmost 

ibsohitely insolnble in Solution of potassa. If titanic acid is fused with kydnUe of 

fotama^ and the fused mass treated with water, the Solution contains a little more 

titsnio acid. By fnsion with earbfmatea of the cUkaliet neutral titanates of the alkaliei 

in fonned, with ezpuLnon of carbonic acid. Water extracts from the fused mass free 

alkali and alluüine carbonate, leaving behind acid titanate of alkali which dissoWes in 

Mrochloric acid. Titanic acid mixed with oharcoal giyes upon ignition in a ttrtam of 

ddorint chloride of titanium as a volatile liquid, which emits copious fumes in the air. 

Pkotpkate oftoda and ammonia dissolves titanic acid in the point of the outer blow- 

pipe flame to a colorless bead but with difficulty, in the outer flarae in front of the 

point of the inner flame titanic add dissolves readily and in considerable quantity. If 

tbe dear and colorless bead is again held in the point of the outer flame, it becomes 

optqoe if saflflciently saturated, and by continued action of the flame titanic acid will 

•eparate in microeoopic ciystals of the form of anatase (G. Rosb). If the bead is held 

in a good zeduoing flame for some time, it will appear yellow while bot, red while cool- 

ing, and violet when cold. The reduction is promoted by tbe addition of a little t'n. 

If some protoeolphate of iron is added, the bead obtained in the redudng flame wiU 

appear blood-red. 

10. Tantalio Acid.» 

Tuitalmn forms with oxygen the tantalic acid, TaO^ (Tata 182), the existenoe of a 
lover oxide is probable, but its formula and properties have not been niade out. 
lantalio add occurs in oolumbite and tantalite (almost always in conjunction with 
dobic add). Tantalic add is white, pale yellowish when hot (difference from Ti 0,), 
wben separated in the wet way it contains water of hydralion. The anhydrous acid 
las a specific gravity of 7*6 — 8*01. Tantalic acid is not reduced by ignition in a 
concnt of klängen, It combinet with adds as well as with bases. 

o. Aeid iohttiom. — When the acid is intimately mixed with charcoal and ignited 
is a enrrent of dry ehlorine, the chloride of tantalum (Ta Gl^) is formed. The latter is 
ydk>w, aolid, funble, and can be sublimed ; it is completely decomposed by water, with 
»paration of tantalic acid ; it is eotirely soluble in sulphuric acid, almost soluble in 
^rochloric add, and partially soluble in potassa Solution. If titanic acid is present, 
€0 treating the roixture of adds and charcoal with the current of chlorine, tbe chloride 
of titaniam will be formed and will fume strongly in the air. Hydrated tantalic acid 
fiaolvee in kydrofluorie cteid, the Solution when mixed with fluoride of potassium yields 
i Tery charaoteristie salt in fine needles (2 K F, TaF,), which is distinguished by its 
difliealt eolnbtliW in water addified with hydrofluoric add (1 of the acid to 150 or 200 
«f watar). Hydrochlorio and concentrated sulphuric acid do not dissolve the ifnited 
seid. With bisulphate of potassa it fuses to a colorless mass ; if this is treated with 
water, tbe tantaHo add combined with sulphuric acid remains undissoWed (difference 
bsiween tantalic add and titanic add, but cannot be made the ground of a method of 
Mparation). When ignited in an atmosphere of carbonate of ammonia, the sulphate of 
tantalic add is oonyerted into pure tantalic acid. If a Solution of alkaline tantalate is 
mixed with hydrochlorio add in excess, the fint-formed predpitate redissolves to an 
opaleecent fluid. Ammonia and tulphide of ammonium precipitate from this fluid the 
kydnUe or an add tantalate of ammonia, but tartario acid prevents the precipitation. 
Sulphuric aeid predpitates sulphate of tantalic add from the opalesoent fluid. When 
add solotions of tantalic add are brought into contact with tinc^ no blue coloration ia 
obaenred (difference between tantalio acid and niobic add). 

ft. Bekamauir to alkaliei, — By continued fusion with hydraie ofpottuia tantalate of 



* Um neolts of tbe reoent inTestigations on tantalic and niobic adds by Mabtoitao, 
'BuuamAMn, DMfmdM and Tboost, and Hiemam will be found in Zdtechr. f. anal 
Cbm. 1, 884 €l «ejr. and 7, 1 04 et M2. 
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is fomad ; the fned mMi dänolrei in wftter. Bj fanaa wiih hydraU of 9oda 
a tnrbid nuM is obcained ; a fittle vmfcer poared on this man will diMolve out Uh 
•xeeH ci soda» leaving Um wkole of tbe taatabte of aoda ondissolved, aa this latter sal 
is inaolable ia totatioii of loda ; bot tlie tantalate of aoda wiU diasolye in water after 
tka remond of Ihe iiiBwi of eoda. Solution of aoda throwa down from thia aolution 
ihm tantabtp of aoda ; if the predphant be added alowly, the form of the predpitate ia 
cgyatiiHiie Carboüe acid tkmra down from aolntiona of tftntalattw of the alkaliea add 
■alta« which ai« no4 ittaanlFnd by boifiag with aotation of carbonate of aoda. Snlphurie 
meid throwa down f/wem tnm dilote solntiona of tantalatw of the alkaliea aulpbate of 
tantahc aeid ; f ti l Ofy — i 'rff o/ peccana» and mfimom ofgalU prodooe predpitatea only 
ia acidified aolntioBa ; the pccciptta:e prodoeed by the former ia ydlow, by the latter 
light brown. Pk t ^ u U f/ ao^ mmd amwkomia diflaolTea tantalie aeid to a oolorieaa 
btad» which is oolorleaa abo when hoi, remaina ocdcrieaa even in the inner flame, and 
doaa Bot aAjttiie a Uood-red tint by additkm of anlphale of protoxide of iron (diffisranoe 
b a t ne ta tantalie acad and titanie aod). 

11. XiOBic Acny, 



Niobinm vKb=M> coibiiw» with oxygen in aereral proportions. KbO^NbO« 
M« oxaiea» XbC\ (niobie acid> ia an aod. It ia oocaaionally fbond in oolnmbite^ 
aaBarahita» 4c., and it ia naoally aecoapaaied by tantahc aeid. It ia white^ bat toma 
tianMcathr yeUow when ignited (difference between niobic add and tantalie add). Ita 
afecU&e fravity liea between 4*S7 to 4'5Z (düBerenoe between niobic add and tantalie 
andV itj atroB^ i^tmi in kfßdrqgtn the niobic aeid ia oonrerted into blai^ Nb O4. 
Kwbie acSd combmaa both with basea and adds. 

«. AM mtmHmk» rf miahie ariiL — Coneentrated nipkmrie add diaaolTea the add ob 
haafiBg. nnkea it has been too ationgly ignited. On the addition of mudi oold water, 
B cl«Br aolation k obtaiacd. Ob fodag with h Umip i at g of potaua it diaaolTea readily 
%o a eoferieaa maaa» aad ob treatiBg the foaioB with boiling water niobic add containing 
aubharto add remaina nndiaaolTedy which howerer ia rnulily aoluble in hydroflnoric 
add» «te below. By mixing niobic add iatimately with charooal and treating with i 
CBrrtnt of dU«rta«» a miztnia ia obtained of wldte infnnble difficultly Tolatile oxychlo 
fide iNb0,C\> and ^low more Tolatile chknde (NbClJ. Treated with water boÜ 
«omwmBdi giv« torbid floida^ in which a portaoB of the niobic add ia aeparated, bo 
Ihe larfer portioB is diasolred. By boilmg with hydrodiloric add and afterwardi 
«ddiBg waler the componada grre dear aohiäona, whidi are BOt predpitated by boiUni 
BT by aulphiirie add in the eotd (düftreaee from diloride of tantalmn). By igniting 
»iobic acM in the vapor cf chloiide of niobiam the ozychloride ia fonned (difference 
ft>MB taatalie add). From the add sohitioiis of niobic add aaisiefifa and tiäpkide of 
BBiataBiMai throw down hydrale cf aicbie add containing ammonia ; thia and generally 
Ihe «BigBiIed forms cf Biobio add iliaanlTe in Aydr^aoric aeid, The aolution when 
aixed with flooride of potaaaivm giToa ftooride of poUadum and niobinm (K F, Nb F,) 
whtB hydroinone add is in exeeaa» otherwiBe it gires a oombination of fluoride (/ 
potasajum and «ayftuoride of aiobiam (K T, Nb O^^). Tbe latter aalt ia alao obtainei 
whsB Biobats of potaaaa is diaan^red i& bydroAooric add ; it ia readily aoluble in cold 
water» ««e pari diasi:4TiBg in 1S*5 parts {dSthnuoe fitxn finoride of potaanum and 
lilBBium« which reqaires 96 parts of water, aad from finoride of potaanum and tantalum 



wbioh vtaBurM iOQ pails of water). Ob digestiBg a bydrochloric or aulphurio add 



K^ttlktt er Biobie and with dar or tta» it aoquirea a blue and generally aJao a brown 
eoicv» in coBsequence of the radnctioB of the aiobic add to lower ozides. In the 
pwea B ce of alkahae flaoHdee the redBCtioB does not take place (diflbrenee between 
niobic aeid and titanio add). 

k Aihdim aalalieBa— With kjfdrmif ^jMtaats niobic add fbaee to a dear maaa, 
K^able in waler. To kj/drmit ^ mda niobic add ahows the aame deportment aa 
tantalie add. From the edatioB cf niobale of potaaaa, aohition of toda predpitatea 
an almoet iBsolablt Biobata of aoda. On boiling a aolutioB of niobate of potaasa with 
hicatAMma^ rf jMaaaa an almoet iasduble aoid aiobate of potaaaa is thrown down. On 
Aiaing niobic add with ear öaa a lt rf nda and boiling the fosion with water, a cratal- 
liae aoid niobate of aoda remaina undiaaohred. Oarftoat c add^ when pasaed into aohition 
of niobate of aoda wsdpilalcs all the niobic add as aa add aalt. Pkoaphaie ofaoda 
amd «msioaKi diasolTSS niobic add readÜT ; the bead hdd in the onter flame appean 
eoiorless aa long aa H k bot; Ihe bead bald ia the innw flame haa a Tidet» blue^ or 
browB oolor, acoofdiag lo Ihe qnaati^ of the add präsent» aad a red odor on thi 
addition of aolphals of proloxida of iron. 
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§ 105. 

FOÜRTH OROUP. 

Höre common oxides: — Oxide of Zinc^ Protoxide of Man- 
QAKBSEy Protoxide of Nickel, Protoxide of Cobalt^ Protoxide 
OF Iron, Sesquioxide of Iron. 

Rarer oxides : — Sesquioxide of Uraniüm, Protoxide of 
Thallium, Oxide of Indium, Oxides of Vanadium. 

Properües of the Oroup, — ^The Solutions of the oxides of the fourth 
gronp, if containing a strenger free acid, are not precipitated by hjdro- 
EaipLuric acid j nor are neutral solutions, at least not completelj. But 
alkaline Solutions are completelj precipitated bj h jdrosuiphuric acid ; 
tnd so are other Solutions if a sulpnide of an alkali metal is used as the 
precipitant, instead of hydrosulpburic acid.* The precipitated metallic 
ndphides corresponding to the several oxides are insoluble in water ; 
lome of them are readilj soluble in dilute acids ; others (sulphide of nickel 
and sulphide of cobalt^ dissolve onlj with very great dimculty in these 
menstrua. Some of tnem are insoluble in sulphides of the alkali metals, 
others (nickel) are sparinglj soluble in them, under certain circum- 
ftanceSy whilst others again (janadimn) are completelj soluble. The 
oxides of the fourth group diner accordinglj from those of the first and 
second groups in this, that their Solutions are precipitated bj sulphide of 
ammonium^ and from those of the third group inasmuch that the precipi- 
tates produced bj sulphide of ammonium are sulphides, and not hjdrated 
oxides^ as is the case with alumina, sesquioxide of chromium, &c. 

Special BeaeHom ofthe more common Oxides of the fourth group, 

§ 106. 
a. Oxide of ZiNc(ZnO). 

1. Metallic zinc is bluish-white and Terj bright ; when exposed to 
the air, a thin coating of basic carbonate of zinc forms on its surface. 
It is of medium hardness, malleable at a temperature of between 100° and 
150"y but otherwise more or less brittle ; it iuses readilj on charcoal 
befinre the blowpipe, boils afterwards, and bums with a bluish-green 
flame, gi^^iRg on white fumes, and coating the charcoal support with 
oxide. Zinc dissolves in dilute hjdrochloric and sulphuric acids, with 
eTolntion of hjdrogen gas ; in dilute nitric acid, with eyolution of 
nitroua oxide ; in more concentrated nitric acid, with evolution of nitric 

oxide. 

2. The OXIDE OF zinc and its hydrate are white powders, which 
are insoluble in water, but dissolye readilj in hjdrochloric, nitric, and 
aolphnric acids. The oxide of zinc acquires a lemon-jellow tint when 
heated. but it resumes its original white color upon cooling. When 
igpiitra before the blowpipe, it shines with considerable brilliancj. 

3. The 8ALT8 OF OXIDE OF ZINC are colorless ; part of them are soluble 
in water, the rest in acids. The neutral salts of zinc which are soluble 
in water redden litmns-paper, and are readilj decom]^8ed b^ k^^l^ 

' Vämdic MeU babarm MD M peealiar waj to sulphide of ammonxam, Ma% \\%,d. 
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with the exception of sulphate of zinc, which can bear a dull red heat 
without undergoing decompositdon. Chloride of zinc is volatile at a red 
heat. 

4. Hydrosulphuric acid precipitates from neutral Solutions a portion of 
the metal as white hydrated sulphide of zinc (Zn S). In acid Solutions 
this reagent fails altogether to produce a precipitate if the free acid pre- 
sent is one of the stronger acids ; but from a Solution of oxide of zinc in 
acetic acid it throws down the whole of the zinc^ even if the acid is present 
in excess. 

5. Sulphide of ammanium throws down from neutral and hydrosul- 
phuric acid from alkaline Solutions the whole of the metal as hydrated 
SULPHIDE DP ZINC, in the form of a white precipitate. Chloride of 
ammonium greatly promotes the Separation of the precipitate. From 
very dilute Solutions the precipitate separates only after long Standing. 
This precipitate is not redissolved by an excess of sulphide of ammonium, 
nor oy potassa or ammonia; but it dissolves readily in hydro- 
chloric acid, nitric acid, and dilute sulphuric acid. It is insoluble in 
acetic acid. 

6. Potassa and soda throw down hydrated oxide op zinc (Zn 0. 
H 0), in the form of a white gelatinous precipitate, which is readily and 
completely redissolved by an excess ot the precipitant. Upon boiling 
these alkaline Solutions they remain, if concentrated, unaitered ; but 
from dilute Solutions nearly the whole of the oxide of zinc separates 
as a white precipitate. Chloride of ammonium added to alkaline Solu- 
tions, not containing a large excess of potassa or soda, produces a white 
precipitate of hydrated oxide of zinc, which, however, redissolves on 
addition of more chloride of ammonium (difPerence between oxide of 
zinc and alumina). 

7. Ammonia also produces in Solutions, if they do not contain a large 
excess of free acid, a precipitate of hydrated oxide op zinc, which 
readily dissolves in an excess of the precipitant The concentrated Solu- 
tion tums turbid when mixed with water. On boilins" the concentrated 
Solution partof the oxide of zinc separates immediately; on boiling the 
dilute Solution all die oxide of zinc precipitates. Ammonia salts interfere 
with these precipitations more or less. 

8. Carbonate of soda produces a precipitate of basic carbonatb op 
zinc (3 rZn 0, H 0] + 2 [ZnO, C 0,] + 4aq.), which is insoluble in an 
excess of the precipitant. Presence of salts of ammonia in g^eat excess 
prevents the lormation of this precipitate. 

9. Carbonate qf ammonia ßlso 'prmuces the same precipitate of basic 
CARBONATE OP ZINC as carbouate of soda; but this precipitate redis- 
solves upon Airther addition of the precipitant. On boiling the dilute 
Solution oxide of zinc precipitates. Ammonia salts interfere with this 
precipitatiou more or less. 

IV.B. Non-volatile organic acids more or less interfere with the pre- 
cipitatiou of Solutions of zinc, by the caustic and carbonated alkalies. 
Sugar does not prevent the precipitations. 

10. Carbonate ofbaryta fails to precipitate Solutions of salts of zinc in 
the cold, with the exception of the sulphate. 

11. Ferrocyamde ofpotassium throws down pbrrocyanide op zino 
(2 Zn, Cty) as a white slimy precipitate, somewhat soluble in excess of 

äie precipitant, insoluble in hydrocüloTic acid. 

13. Ihrieyamde qf potatnnm Üuowa dvwu i?^^^ic^kik\d^ q'b i.yr^ 
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(8 Zn, Cfdy) as a brownish orange-yellow precipitate, soluble in Hydro* 
diloric acid and in ammonia. 

13. If a mizture of oxide of zinc or one of its salts with oarbonate 
tftoda is ezposed to the redueing ßarm of the blowpipe, the charcoal 
iaiq>ort bccomes covered with a slight coating of oxide of zinc, which 
presents a yellow color wliilst bot, and turns white upon cooling. This 
eoating' is produced by the rediiced metallic zinc volatilizing at the 
moment of its rednction, and being reoxidized in passing through the 
ooter flame. The metallic incrustation obtained according to 
p. 25 is black with a brown edge, the incrustation of oxide is 
white^ and therefore invisible upon porcelain. It may be dissolved in 
litric acid and examined according to 14. 

14. If oxide of zinc or one of the salts of zinc is moistened with 
Solution of mtrate of protoxide of eobalty and then heated before the 
Uowpipe^ an nnfused mass is obtained of a beautifnl qreen color : this 
mass is a componnd of oxide of zinc with protoxide of cobalt. If there- 
fore in the nrst experiment described in 13 the charcoal is moistened 
aronnd the little cavity with Solution of cobalt, the coating appears 
grem when eold, This test may be applied with great delicacy by mixing 
the Solution to be tested with a very little of the cobalt Solution (not 
enongh to give a bright red color), adding carbonate of soda in slight 
excesSy boiling, filtering off, washing, and igniting on platinum foil. 
On triturating the residue the green color may be distinctly and readily 
obaerred (Bloxam). 

§ 107. 
K Protoxide of Manoanese (MnO). 

1. Metallic manoanese is whitish-gray, dull, very hard, brittle, 
and fuses with very great difficulty. It oxidizes rapidly in the air, and 
in water with evolution of hydrogen, and crumbles to a dark gray 
powder. It dissolves readily in acids, the Solutions contain protoxide. 

2. PjiM)ToxiDB OF manoanese is light green ; the hjdrated prot- 
oxide is -|rhite. The former smoulders to brown protosesquioxide when 
heated ^ the air, the latter even at the ordinary temperature rapidly 
absorbs oxygen from the air and passes into brown hydrated protosesqui- 
oxide. They are readily soluble in hydrochloric, nitric, and sulphuric 
acids. All the higher oxidbs of manoanese without exception 
dissolTO to protochloride, with evolution of chlorine, when heated with 
hydrachloric acid ; to sulphate of protoxide, with evolution of oxygen, 
when heated with concentrated sulphuric acid. 

3. The salts of protoxide of manoanese are colorless or pale 
red ; part of them are soluble in water, the rest in acids. The salts 
soluble in water are readily decomposed by a red heat, with the excep- 
tion of the sulphate. The Solutions do not alter vegetable colors. 

4. Hydrondphurio acid does not precipitate acid Solutions ; neutral 
Solutions also it &ils to precipitate, or precipitates them only very 
imperfecdy. 

5. Sulpkide tfammomum throws down from neutral, and hydrosul- 
phuric acid from alkaline Solutions the whole of the metal as hydrated 
SULPHIDE OF manoanese ^Mu S), in form of a light flesh-colored* pre- 
cipitate, which acquired a aark-brown color in the air ; this precipitate 

# jfik0 quatity afihßpndpiUte h mlj ttißmg, the odloT ap^MXi T^Siofni^^RVaW 
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is insoluble in sulphide of ammonium and in alkalies^ but readilj soluble 
in hydrochloric, nitric, and acetic acids. The Separation of the precipi- 
tate is materially promoted by addition of chloride of ammonium. From 
verj dilute Solutions the precipitate separates onlj after Standing some 
time in a warm place. Oxalate of ammonia, tartrate of ammonia, and 
especially citräte of ammonia retard the precipitation, the latter salt also 
keeps up some of the manganese. In the presence of ammonia and 
sulphide of ammonium in large excess, the flesb-colored hydrated preci- 
pitate occasionally passes into the g^een anhydrous sulphide even in the 
cold; the chang^e being g^atly facilitated by ooiling, and being hindered 
more or less oy the presence of chloride of ammonium. Solutions 
containing mucn free ammonia must first be nearly neutralized with 
hydrochloric acid. 

6. PotasM, soda, and amnumia produce whitish precipitates of 

HYDRATE OF PROTOXIDE OP MANOANESE (MuO, HO), which UpOU« 

exposure to the air speedily acquire a brownish and finally a deep 
blackish-brown color, owing to the conversion of the hydrated protoxide 
into hydrated protosesquioxide by the absorption of oxygen trom the 
air. Ammonia and caroonate of ammonia do not redissolve this precipi- 
tate ; but presence of chloride of ammonium prevents the precipitation 
by ammonia altogether, and that by potassa partly. Of already formed 
precipitates Solution of chloride of ammonium redissolves only thoseparts 
which have not yet undergone peroxidation. The Solution oi the 
hydrated protoxide of manganese m chloride of ammonium is owing to 
the disposition of the salts of protoxide of manganese to form double 
salts with salts of ammonia. The ammoniacal Solutions of these double 
salts tum brown in the air, and deposit dark-brown hydrate of proto- 
sesouioxide of manganese. 

£^,B, Non-volatile organic acids impede the precipitation of man- 
ganese by alkalies and alkaline carbonates. Sugar impedes the precipi- 
tation by alkalies, but not that by alkaline carbonates. 

7. Ferrocyanide ofpotassium tnrows down perroctanide op man- 
ganese (2 Mn, Cfy) as a reddish-white precipitate, soluble in hydro- 
chloric acid. 

8. Ferricyanide of potassium precipitates brown perrictanide of 
manganese (3 Mn, Cfdy) insoluble in hydrochloric acid and ammonia. 

9. If a few drops of a fluid containing protoxide of manganese, and 
free from chlorine, are sprinkled on hinoxide of lead or red-lead, and 
nitric acid free from chlorine is added, the mixture boiled and allowed 
to settle, the fluid acquires a red color, from the formation of perman- 
ganic acid (Hoppe-Seyler). 

10. Carbonate ofharyta does not precipitate protoxide of manganese 
from af|ueous Solutions of its salts upon digestion in the cold, with the 
exception of sulphate of protoxide of manganese. 

11. If any Compound of manganese, in a State of minute dirision, is 
frised with 2 or 3 parts oi carbonate of soda on a platinum wire, or on a 
small Strip of platinum foil (heated by directing the flame upon the lower 
8urface),in the outer flame of the Bunsen or blowpipe, manganate of soda 
(Na 0, Mn 0,) is formed, which makes the fused mass apiiear green 
while bot, and of a bluish-green tint after cooling, the oead at the 
same time losing its transparency. This reaction enables us to detect 
the smallest traces of manganese. 

12. Boraaf and phuphaU qf ioda and aimmama dissolye mangaaese 
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eomponnds in the oater f^ or blowpipe flame to clear violet-red beads, 
vhich upon cooling acquire an amethyst-red tint: they lose their 
color in the inner flame, owing to a reduction of the sesquioxide to 
protoxide. The borax bead appears black when containing a con- 
sderable portion of sesquioxide of manganese, but that formed by 
phosphate of soda and ammonia never loses its transparency. The latter 
Ws its color in the inner flame of the blowpipe far more readily than 
the fbnner. 

108. 



e. Protoxide of Nickel (NiO). 

1. M ETALLic KICKE L in the fiised State is yellowish white, inclin- 
^in^ to graj ; it is bricht, hard, malleable, difficultiy fusible ; it does not 

oxidise in the air at the common temperature, but it oxidizes slowly 
Qpon ignition ; it is attracted by the masnet and may itself become 
ma^etic. It slowly dissolves in hydrochloric acid and dilute sulphuric 
idd npon the application of heat, with evolution of hydrogen gas. It 
dissolTes readily in nitric acid. The Solutions cootain protoxide of 
niekeL 

2. Hydrate op protoxide of nickel is light green, and re- 
mains unaltered in the air, but is converted by ignition to whiteness 
into green protoxide of nickel. Both the protoxide and its hydrate 
tre readily soluble in hydrochloric, nitric, and sulphuric acids. But 
the protoxide which crystallizes in octahedrons is insoluble in acids ; it 
dissolTes, however, in iusing bisulphate of potassa. Sesquioxide of 
RICKS L is black ; it dissolves in hydrochloric acid to protochloride with 
erolntion of chlorine. By eentle ignition of the nitrate, a protoxide 
containing a little sesquioxide of grayish-green color is obtained. 

8. Most of the salts of protoxide of nickel are yellow in the 
anhydrous, green in the hydrated State ; their Solutions are light green. 
The soluble neutral salts slightly redden litmus-paper, and are decom- 
posed at a red heat. 

4. Bydrosulphurie aeid does not precipitate Solutions of salts with 
streng acids in presence of free acids ; in the absence of free acid a 
small portion of the nickel ^dually separates as black sulphide of 
HICKEL (NiS). — ^Acetate of protoxide of nickel is not precipitated, or 
scareely at all, in presence of^ free acetic acid. But in the absence of 
free acid the greater part of the nickel is thrown down by long- 
continued action of hydrosulphuric acid. 

5. Sulphide of ammonium produces in neutral, and hydrosulphuric 
•cid in alkaline Solutions, a black precipitate of hydrated sulphide of 
KiCKEL (Ni S), which is not altogether insoluble in sulphide of ammo- 
mom, eapeciaily if the latter contain free ammonia ; the fluid from 
which the precipitate has been thrown down exhibits therefore usually 
a browniah color. The presence of chloride of ammonium, and still 
more of acetate of ammonia, considerably promotes the precipitation. 
Snlphide of nickel dissolves scarcely at all in acetic acid, with great 
difllenlty in hydrochloric acid, but readily in nitro-hydrochloric acid 
npon application of heat. 

' 6. Poiusa and »oda produce a li^ht green precipitate of hydrate 
OF PBOTOXiDB OF NICKEL (Ni 0, U 0), which is insoluble in an excess 
of the preeipitanta, and unalterable in Üie air, and on boiling (even in 
the preaence of akohol). Carbonate of ammonia disBolvea tms precipi- 

i3 
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täte, when filtered and washed, to a ffreenish-blue fluid, from which 
potassa or soda reprecipitates the nickel as an apple-g^een hydrate of 
protoxide. 

7. Ammonia added in small quantity produces a trifling ^eenish 
turbidity ; lipon Rirther addition of the reag-ent this redissolves readily 

. to a blue fluid containing; a Compound of protoxide of nickel and 
AMMONIA. Potassa ana soda precipitate from tbis Solution bydrate of 
protoxide of nickel. Solutions containing salts of ammonia or free acid 
are not rendered turbid by ammonia. 

N.B. The presence of non-volatile organic acids, and of sugar, im- 
pedes the precipitation by alkalies. 

8. Ferrocyanide of potassium precipitates greenish -white ferrocya- 
NiDE OF NICKEL (2 Ni, Cfy), which is insoluble in hydrochloric acid. * 

9. Ferricyanide of potassium precipitates yellowish-brown ferri- 
CYANiDE OF NICKEL (3 Ni, Cfdy), which is insoluble in hydrochloric 
acid. 

10. Cyanide of potassium produces a yellowish-green precipitate of 
CYANIDE OF NICKEL (Ni Cv), which redissolves readily in an excess of 
the precipitant as a double Cyanide of nickel and potassium (NiCy, 
K Cy) ; tne Solution is brownish-yellow, and does not acquire a darker 
color on exposure to the air. If sulphuric acid or hydrocnloric acid is 
added to this Solution, the Cyanide of potassium is decomposed, and the 
Cyanide of nickel reprecipitated. From more highly dilute Solutions 
the Cyanide of nickel separates only after some time ; it is very difficultly 
Boluble in an excess of the precipitating acids in the cold, but more 
readily upon boiling. If the Solution ot the double Cyanide is rendered 
alkaline by Solution of soda, being also kept so by a further addition of 
soda if necessary, and chlorine gas is passed into it without warming, 
the whole of the nickel gradually separates as black hydrate of sesqui- 
oxide. 

11. On adding to Solutions which are not too dilute and which have 
been rendered alkaline by ammonia, a Solution of sulphocarbonate of 
potassium,* a deep brownish-red fluid is obtained which is barely trans- 
iucent, and appears almost black bv reflected light. If the Solution of 
nickel is extremely dilute, the addition of the reagent will produce a 
delicate pink color (C. D. Braun). The occurrence of this color in 
highly dilute Solutions is characteristic of nickel. 

iS. Carbanate ofharyta, on digestion in the cold with Solutions, does 
not precipitate nickel, unless sulphuric acid is present 

13. Nitrite of potassa with acetic acid does not throw down the 
nickel, even from concentrated Solutions. In the presence of lime, 
baryta, or strontia, however, a yellow crystalline nitrite of protoxide of 
nickel and the alkaline earth is precipitated from not too dilute Solu- 
tions. The precipitate is difBcultiy soiuble in cold water, more readily 
in bot water to a green fluid (Künzel, 0. L. Erdmann). 

14. Borax and microeosmte salt dissolve Compounds of protoxide of 
nickel in the outer flame to clear beads. The borax bead is violet while 
hot, reddish-brown when cold; the microcosmic bead is reddish or 

* Prepared by takinff a Solution of hydrate of potassa oontuning about 6 per oeot., 
BAtnntine ooe-half witE bydrosulpburio acid, adding tbe oüier balf and then ^ of tbe 
rolume of bi.H uipbide of carbon, ai^QB&ng a>i «^ ^iiUe beat, and finally separathig tbe 

diwk oraDge-red fluid ^om the undmoVred \)kuV^\ÄdA c& «ncXnsu T\a wluftvm nost 

be kept in a well-cloaed bottle. 
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hrownish-red wliile bot, yellow or reddisb-yellow when cold. In the 
inner flame the microcosmic bead remains unaltered, but tbe boraz bead 
becomes gray and clondy from reduced metal. On continued beating 
the particles of nickel collect togetber witbout fusing, and tbe beaa 
loses its color. 

15. By the reduction in tbe stick of charcoal^ according to p. 24, 
the Compounds of nickel yield after trituration white, shining, auctile 
span^lesy wbich will be deposited on tbe point of a mag^etic knife in 
tne rorm of a brusb." With nitric acid they give a green Solution, wbich 
can be fiirtber examined. 

§ 109. 
d. Protoxide of Cobalt(CoO). 

1. Metallic cobalt in tbe fiised State is steel-gray, pretty bard, 
malleable, difficultly fusible, and magnetic ; susceptible of polish ; it 
does not oxidize in tbe air at tbe common temperature, but it oxidizes 
at a red beat ; with acids it behaves like nickel. Tbe Solutions contain 
protoxide of cobalt. 

2. Protoxide of cobalt is light brown, its hydrate a pale red 
powder. Both dissolve readily in bydrocbloric, nitric, and sulpburic 
acids. Sesquioxide of cobalt is black; it dissolves in bydrocbloric 
acid to protochloride, with evolution of chlorine. 

3. Tbe 8ALT8 OF protoxide of cobalt containinff water of crys- 
tallissation are red, tbe anbydrous salts mostly blue. Tbe moderately 
concentrated Solutions appear of a lig^bt red color, wbich tbey retain 
eTen thoug;b considerably diluted. The soluble neutral salts redden 
litmuB sligutly, and are decomposed at a red beat ; sulphate of prot- 
oxide of cobalt alone can bear a moderate red beat witbout suffering 
decomposition. When a Solution of chloride of cobalt is evaporated, tbe 
bVbt red color changes towards the end of tbe Operation to blue ; 
addition of water restures the red color. 

4. Hydrosulphuric acid does not precipitate Solutions of salts with 
8trong acids, if they contain free acid ; from neutral Solutions it gra- 
dnally precipitates part of the cobalt as black sulpbide of cobalt (Co S). 
Acetate of protoxide of cobalt is not precipitated, or to a very slight 
extent, in presence of free acetic acid. But in the absence of free acid 
it is completely precipitated, or almost completely. 

5. Sulphide of ammonium precipitates from neutral, and hydrosul- 
phuric acid from alkaline Solutions, tbe wbole of the metal as black 
oydrated sulphide of cobalt (CoS). Chloride of ammcmium pro- 
motes the precipitation most materially. Sulphide of cobalt is insoluble 
in alkalies and sulphide of ammonium, scarcely soluble in acetic acid, 
Tery difficultly soluble in bydrocbloric acid, but readily so in nitro- 
hyarochloric acid, upon apphcation of heat. 

6. Fotassa and soda produce blue precipitates of basic salts of 
cobalt, insoluble in excess of the precipitants. wbich turn green upon 
exposure to tbe air, owing to the absorption of oxygen. Upon boiling 
they are converted into pale red hydrate of protoxide of cobalt, 
which contains alkali^ and generally appears ratber discolored from 
sesquioxide formed in the process, If before boiling alcobol is added^ 
ibe ju^pitate iß rapidly converted into dark browu ^^öcnää oi x5cä 

Begqnioxide. Neutral carbonate of ammonia diBSoWea läbft \?«Ävftö^\ft^ 
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dpitates of basic salt or hydrated protoxide completely to intenscly 
violet-red fluids, in which a somewhat largper proportion of potassa or 
soda produces a blue precipitate, the fluid still retaining its violet color. 

7. Ämmonia produces tue same precipitate as potassa, but this redis- 
solves in an excess of the ammonia to a reddisb fluid, which turns 
brownish-red on exposure to the air, from which potassa or soda throws 
down a portion of the cobalt as blue basic salt. Ammonia produces no 
precipitate in Solutions containing ammonia salts or a free acid. 

N.B. The presence of non-volatile organic acids or sugar check» 
the precipitation by alkalies. 

ö. Ferrocyanide ofpota&mm, throws down green ferrocyanide of 
COBALT (2 Co, Cfy), insoluble in hydrochloric acid. 

9. Ferricyanide of potassium throws down brownish-red ferri- 
CYANiDE OF COBALT (3 Co, Cfdy), insoluble in hydrochloric acid. 

10. Addition of Cyanide of potassium gives rise to the formation of a 
brownish-white precipitate of protocyanide of cobalt (CoCy), 
which dissolves readily in excess of the precipitant as a double Cyanide 
of cobalt and potassium. Acids precipitate from this Solution Cyanide 
of cobalt. But if the Solution is boiied with Cyanide of potassium in 
excess, in presence of free hydrocyanic acid (liberated by addition of 
one or two drops of hydrochloric acid), or if the Solution is mixed with 
potassa or soda and chlorine is passed through it without warming, 
the double Cyanide is converted into cobalticyanide of potassium 
(K„ Co, Cy, = K, Ccdy), and acids will now produce no precipitate 
(essential diflerence between cobalt and nickel). Nitrite of potassa and 
acetic acid added to the unaltered Solution of the double Cyanide pro- 
duces a blood-red color in consequence of the formation of nitrocyanidc 
of cobalt and potassium ; when the liquid is very dilute the color is 
merely orange red. Solution of soda added to the double Cyanide 
occasions a brown color when the fluid is shaken, oxygen being ab- 
sorbed (essential difierences between cobalt and nickel, C. D. Braun). 

11. Sulphocarhonate qf potassium, added to Solutions which have been 
rendered alkaline by ammonia, produces a dark brown, almost black 
color ; if the Solution is very dilute a pale straw color. 

12. Addition of tartaric or citric acid, then of ammonia in excess, 
and lastly of ferricyanide of potassium, produces a deep yellowish-re^ 
color ; with extremely dilute Solutions a rose color (Skey). This is a 
very delicate reaction, well suited for the detection of cobalt in the 
presence of nickel. 

13. Carbonate ofbaryta behaves in the same way as to Solutions of nickel. 

14. If nitrite of potassa is added in not too small proportion to a 
Solution of protoxide of cobalt, then acetic acid to strongly acid reaction, 
and the mixture put in a moderately warm place, all the cobalt sepa- 
rates, from concentrated Solutions very soon, from dilute Solutions aner 
some time, in the form of a crystalline precipitate of a beautifril yellow 
color (Fischer, Stromeyer). Stromeyer considers this precipitate 
to be a NITRITE OF sesquioxide of cobalt and potassa 
(Co,0„ 3 K 0, ö N 0„ 2 H 0), and its formation may be then accounted 

for in the following way : 2 (Co 0, S 0.) + 6 (K 0, N 0.) + H 0, Ä + 

HO = KO,A + 2(K0,S0,) + Co,0„3KO, öN0^2H0 + N0..* 

* 0. D. Bbaük (Zeitscbr. f. anal. Cbem., 7, 835), on the contnuy, oonsidera the 
precipitate to be a mixture of vArious oooi^uuds. . 
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The precipitate is Terj perceptibly soluble in water, scarcelj soluble in 
ooncentrated solutioiig of potassa salts and in alcohol, insoluble in pre- 
teoce of nitrite of potassa. When boiled with water it dissolves, thouf^h 
not oopiouslj. to a red fluid, which remains clear upon cooling, and 
from which aUuilies throw down hjdrate of protoxide of cobalt. This 
ezeellent reaction serres well to distinguisb and separate cobalt from 
BidceL 

15. BoraoB dissolves Compounds of cobalt in the inner and outer 
flame to clear beads of a magnificent blue color, whieb appear violet by 
candlelight, and are almost black in the presence of a larcpe quantity 
of cobalt. This test is as delicate as it is characteristic. Phosphate of 
Mxla and ammonia gives the same reaction, but it is less delicate. 

16. In the reduction with the stiek of ehareoaly according to p. 24, 
Compounds of cobalt behave in the same way as Compounds of nickel. 
The Solution with nitric acid is red. 



110. 
0. Protoxide op Iron (FeO). 

1. Metallic iron in the pure State has a light whitish-gray color 
(iron containinff carbon is more or less gray ) ; the metaf is hard. 
Instrous, maUeaole, ductile, exceedingly difiocuft to fuse, and is attractea 
W the mahnet. In contact with air and moisture a coating of rust 
(nydrate of sesquioxide of iron) forms on its surface : upon ignition in 
the air a coating of black protosesquioxide. Hydrochloric acid and 
dilute sulphuric acid dissolve iron, with evolution of hydrogen gas ; if 
the iron contains carbide, the hydrogen is mixed with carbide of nydro- 
^. The Solutions contain protoxide. Dilute nitric acid dissolves iron 
m the cold to nitrate of protoxide, with evolution of nitrous oxide ; at 
a high temperature to nitrate of sesquioxide, with evolution of nitric 
oxide ; if the iron contains carbide, some carbonic acid is also evolved, 
and there is left undissolved a brown substance resembling humus, 
which is soluble in alkalies ; when graphite is present, it also is left 
behind. 

2. Protoxide of iron is black; its hydrate is white, and in the 
moist State absorbs oxygen and speedily acquires a grayish-green, and 
ultimately a brownish-red color. Both the protoxide and its hydrate 
Ire readily dissolved by hydrochloric, sulphuric, and nitric acids. 

3. The SALTS OF protoxide of iron have in the anhydrous State 
a white, in the hydrated State a greenish color ; their Solutions only 
look greenish when concentrated. The latter absorb oxygen when ex- 
posed to the air, and are converted into salts of the protosesquioxide, 
with precipitation of basic salts of sesquioxide. Chlorine or nitric acid 
converts them by boüing into salts of sesquioxide. The soluble neutral 
talts redden litmus-paper, and are decomposed at a red heat. 

4. Solutions of salts of protoxide of iron made acid by streng acids 
are not precipitated by hydrosulphurio acid ; nor are neutral Solutions nor 
Solutions acidified with weak acids precipitated by this reagent, or at 
the most but very incompletely. 

5. Sulphide tf ammonium precipitates from neutral, and hydrosul- 

Ehuric acid from alkaline Solutions, the whole of the metal as black 
jdrated pbotobulphidb of iron (Fe S), which is insoluble in alka- 
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lies and sulphides of the alkali metals, but dissolves readily in hydro« 
chloric and nitric acids : this black precipitate turns reddish-brown in 
tbe air by oxidation. To bighly dilute Solutions sulpbide of ammonium 
imparts a green color, and it is only afber some time that the protosul- 
phide of iron separates as a black precipitate. Chloride of ammonium 
promotes the precipitation most materially. 

6. Potassa and ammania produce a precipitate of hydrate of proT"» 
OXIDE OF iRON (Fe 0, H 0)^ which m the first moment looks almost 
white, but acquires after a very short time a dirty green, and ultimately 
a reddish-brown color, owing to absorption of oxygen from the air. 
Presence of salts of ammonia prevents the precipitation by potassa 
partly, and that by ammonia altogether. If alkaline Solutions of prot- 
oxide of iron thus obtained by the agency of salts of ammonia are ex- 
posed to the air, hydrate of protosesquioxide of iron and hydrate of 
sesquioxide of iron precipitate. Non-volatile organic acids^ sugtu*, £c., 
check the precipitation by alkalies. 

7. Ferrocyanide of potassium produces a bluish-white precipitate of 

FERROCYANIDE OF POTASSIUM AND IRON (K, Fe,, Cfy,), which, by 

absorption of oxygen from the air, speedily acquires a blue color. 
Nitric acid or chlorine convert« it immediately into Prussian blue, 
3 (K, Fe,, CfyJ + 4 Cl = 3 K Cl + Fe Cl + 2 (Fe.Cfy,). 

8. Ferricyanide of potassium produces a magniücentiy blue precipitate 
of FERRiCYANiDE OF IRON (Fe, Cfdy). This precipitate does notdiffer 
in color from Prussian blue. It is insoluble in hydrochloric acid, but is 
readily decomposed by potassa. In bighly dilute Solutions the reagent 
produces simpiy a deep blue-green coloration. 

9. Stdphocyanide of potassium does not alter Solutions of protoxide of 
iron free from sesquioxide. 

10. Carbonate ofbaryta does not precipitate Solutions of protoxide of 
iron in the cold, with the exception of the sulphate. 

11. Borax dissolves protoxide of iron Compounds in the oxidizing 
flame, giving beads varymg in color from yeÖow to dark red ; when 
cold the beads vary from colorless to dark yellow. In the inner flame 
the beads change to bottle-green, owing to the reduction of the newly- 
formed sesquioxide to protosesquioxide. Phosphate of soda and 
ammonia shows a similar reaction ; the beads produced with this rengent 
lose their color upon cooling still more completely than those produced 
with borax ; the signs of tue ensuing reduction in the reducing flame 
are also less marked. 

12. When reduced in the such of charooal (p. 24), Compounds of 
protoxide of iron give a dull black powder, which is attracted by a 
magnetic knife. The reduced metal, when dissolved in a few drops of 
aqua regia, gives a yellow fluid, which can be further tested according 
to § 111. 

§ 111. 

/. Sesquioxide of Iron (Fe,0,). 

1. The native crystallized sesquioxide of iron is steel-gray; the 
native as well as the artificially prepared sesquioxide of iron gives upon 
trituration a brownish-red powder ; the color of hydrate of sesquioxide 
of iron is more inclined to reddish-brown. Both the sesquioxide and 
2t8 bjdrate diBsolye in hydrochloric, nitric, and sulphuric acid« ; the 
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hjdrate dissolves Teadily in these acids, but the anhjdrous sesquioxide 
dissolves with greater difficulty, and completely only after long exposure 
toheat. Protosesquioxide of iron (FeO^ Fe, OJ is black ; it dis- 
lolTes in hydrochloric acid to protochloride and sesquichloride, in aqua 
legia to sesqmchloride. 

2. The neutral anhydrous salts of sesquioxide of iron are 
nearlj white ; the basic salts are yellow or reddish-brown. The color 
of the Solutions is brownish-yellow. and becomes reddish-yellow upon 
the application of heat. The soluble neutral salts redden litmus-paper, 
ind are decomposed by heat. 

3. Sjfdrondphurie aeid produces in Solutions made acid by stronger 
acids a milky white turbidity, proceeding from separated sulphur; 
the Salt of the sesquioxide bemg at the same time converted into salt of 
the protoxide: Fe.0^3SO,+ HS = '2 rFeOSO ) + HO,SO,+ S. If 
Solution of hydrosmphuric acid is rapidly added to neutral Solutions, 
a transient blackening of the fluid also occurs. From Solution of 
neutral acetate of sesquioxide of iron hydrosulphuric acid throws down 
the greater part of the iron ; but in presence of a sufficient quantity of 
free acetic acid sulphur alone separatem 

4. SulpMde of ammonium precipitates from neutral, and hydrosul- 

ßuric acid from alkaline Solutions, the whole of the metal as black 
drated protosulphide of iron (FeS) mixed with sulphur; 
Fe,Cl, + 3NH,S-3NH,Cl + 2FeS + S. In verjr dilute Solutions 
the reagent produces only a blackish-green coloration. The minutely 
di?ided protosulphide of iron subsides in such cases only ailer long 
Btanding. Chloride of ammonium most materially promotes the preci- 
pitation. Protosulphide of iron, as already stated (§ 110, 5), is inso- 
luble in alkalies and alkaline sulphides, but dissolves readily in hydro-^ 
chloric and nitric acids. 

5. Potassa and ammonia produce bulky reddish-brown precipitates of 
HYDRATE OF SESQUIOXIDE OF IRON (Fe, 0,, 2 H 0), which aro in- 
soluble in an excess of the precipitant as well as in salts of ammonia. 
Non-Yolatile organic acids and sugar, when present in sufficient 
quantity, entirely prevent the precipitation. 

6. Ferrocyamde qfpotassium produces even in highly dilute Solutions 
a magnificently blue precipitate of ferrocyanide of iron, or 
Prussian blue (Fe, Cfy.) : 2 (Fe, Cl.) + 3 (Cfy, 2 K) = 6 K Cl + Fe, Cfy,. 
This precipitate is insoluble in hydrochloric acid, but is decomposed by 
potassa, with Separation of hydrate of sesquioxide of iron. 

7. Ferrio^anide qfpotassium deepens the color of Solutions of sesqui- 
Qiide of iron to reddish-brown ; but it fails to produce a precipitate. 

8. Sulphoeyamde ofpotassiwn imparts to acid Solutions a most intense 
blood-red color, arising from the formation of a soluble sulpho- 
CTANIDB OF IRON. This color does not disappear on the addition of a 
little alcohol and warming (difference from the analogous reaction of 
hyponitric acid, § 158). Solutions of sesquioxide of iron, containing 
acetate of soda (which consequently are more or less red irom acetate 
of sesquioxide of iron), do not show the blood-red color of the sulpho- 
Cyanide tili after the addition of much hydrochloric acid. The same 
remark applies to Solutions containing an alkaline fluoride or an 
Oxalate. This test will indicate the presence of iron even in fluids, 
which are so highly dilute that every other reagent &ils to produce 
ia them the ali^itest Tisible alteration. The red coloration may in 
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such cases be detected most distinctly by resting tlie test-tube upon a 
sheet of white paper, and looking tbrough it from the top. The 
delicacy of the reaction may also be increased by shaking g^ntly with 
ether after the addition of hydrochloric acid, and of excess of suldho- 
cyanide of potassium Solution freshly prepared from the crystals. The 
sulphocyanide of iron dissolves in the etiler^ and the layer of the latter 
acquires a more or less red color. 

9. Carbonate oj haryta precipitates even in the cold all the iron as 

HYDRATE OF 8ESQUI0XIDE MIXED WITH A BASIC SALT. 

10. The reactions before the hUnvpipe are the same as with the 
protoxide. 

§112. 

Heeapitulatum and remarks. — On observingthe reactions of the several 
Oxides of the fourth group with Solution of potassa, it would appear that 
the Separation of the oxide of zinc, which is soluble in an excess of thi:i 
reagent, might be readily effected by its means ; but in the actual 
experiment we find that rather notable quantities of oxide of zinc are 
thrown down with the sesquioxide ofiron, protoxide of cobalt, &c. To 
such an extent indeed that it is often impossible to demonstrate the 
presence of oxide of zinc in the alkaline fil träte. This method would 
be entirely inadmissible in the presence of sesquioxide of chromium, 
as Solutions of the latter and of oxide of zinc in potassa mutually pre- 
cipitate each other. 

Again, the reactions of the different oxides with chloride of ammo- 
nium and an access of anunonia would lead to the conclusion that the 
Separation of sesquioxide of iron from the protoxides of cobalt, nickel, 
and manganese, and from oxide of zinc, might be readily effected by 
these agents. But this method also if applied to the mixed oxides is 
inaccurate, since greater or smaller portions of the other oxides will 
always precipitate along with the sesquioxide of iron ; and it may 
therefore happen that small quantities of cobalt, manganese, &c., alto- 
gether escape detecüon in this process. 

It is far safer therefore to separate the other oxides of the fourth 
group from sesquioxide of iron by carbonate of baryta, as in that case 
the iron is precipitated free from oxide of zinc and protoxide of man- 
ganese, and, if chloride of ammonium is added previonsly to the addi- 
tion of the carbonate of bary ta, almost entirely free also from protoxide 
of nickel and protoxide of cobalt Instead of using the carbonate of 
baryta for the Separation of sesquioxide of iron, we may proceed as 
follows : nearly neutralize any excess of acid with carbonate of soda, 
add acetate of soda and boil ; or mix the sufficiently diluted Solution 
with a rather large quantity of chloride of ammonium, cautiously add 
carbonate of ammonia tili the fluid commences to become cloudy, the 
reaction still remaining acid, and then boil. In each of these two 
last methods the basic salt of sesquioxide of iron must be filtered 
off bot. 

Protoxide of manganese may conveniently be separated from the 
protoxides of cobalt and nickel. as well as fr^m oxide of zinc, by treating 
the washed precipitated sulphides with moderately dilute acetic acid, 
which dissolves the sulphide of manganese, leaving the other sulphides 
UDdissohed. If the acetic acid Solution is now evaporated and mixed 
witb Solution of potassa, tke \fia0l tx«ce of a precipitate will be sufficient 
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(B ncosnise the manganese before the blowpipe with carbonate of 
foda. ff the 8iil{diides left undissolTed bj acetio acid are now treated, 
ifter washing^ with Terj dilute hydrochloric acid, the sulphide of zine 
(ÜMolTeSy leaTing almost the whole of the sulphides of cobalt and nickel 
bdiiiML If the fluid is then boiled, and stron^ly concentrated to expel 
tiie hjdrosalphuric acid, and afterwards treatea with Solution of potassa 
or toda in excess without warming', the zinc is sure to be detected in 
the ültrate bj hydrosulphuric acid. 

On diTing the filter containing the sulphides of nickel and cobalt, 
iadneratin^ it in a small porcelain dish, and testing a portion of the 
residue with borax in the inner blowpipe flame, the cobalt may gene- 
Ttlly be detected with certainty even in the presence of nickel. The 
detection of nickel in presence of cobalt is not quite so simple a matter, 
h is best done by warming the rest of the residue with a little a(jua 
n^pa, diluting, filtering, evaporating the Solution to a small bulk, mixmg 
with a sufficiency of nitrite of potassa, addinep acetic acid to strongly 
leid reaction^ and setting aside in a moderatelj warm place for at least 
twelye hours. The cobalt then separates as nitrite of sesquioxide of 
cobalt and potassa ; the nickel maj be precipitated from the filtrate bj 
nhition of soda, and, to preyent mistakes, tested before the blowpipe, 
w according to § 108, 11, afker consideruble dilution. For the detec- 
tion of small Quantities of nickel in presence of large quantities of 
cobalt, it is still better to nse the Solution of the cyanides in Cyanide of 
potassium mixed with Solution of soda. In this Solution the presence 
of cobalt will be shown by a dark color on exposure to the air, the 
presence of nickel by the Separation of black sesquioxide on treatment 
with chlorine a 108, 10, and § 109, 10). 

In practicail analysis we ^enerally separate the whole of the oxides 
of the tburth gproup as sulphides by precipitation with sulphide of ammo- 
ninm. It is therefore in most cases still more convenient to separate 
nickel and cobalt, or at least the far larger portion of these two metals, 
at the outset. To this end the moist precipitate of the sulphides is 
treated with water and some hydrochlonc acid, with actiye stirring, but 
without application of heat. Nearly the whole of the sulphide of nickel 
and snlpbide of cobalt is lefk behind undissolyed, whilst all the other 
sulphides are dissolyed. The undissolved residue of sulphide of cobalt 
and sulphide of nickel is filtered and washed, and treated as directed 
aboye. By boiling the filtrate with nitric acid the iron is converted 
from the State of protoxide, as it existed in the Solution of the sulphide, 
into that of sesquioxide. After tbe free acid has been nearly neutralized 
by carbonate of soda, the iron may be thrown down as basic salt either 
by carbonate of baryta in the cold, or by acetate of soda and boiling. 
Manganese and zinc alone remain in tbe filtrate ; these metals are then 
also precipitated with sulphide of ammonium and some chlonde of 
ammonium, the precipitate is filtered and washed, and the two metals 
are finally separated from each other by acetic acid as directed above, 
or, after remoyal of the baryta by sulpnuric acid and great concentra- 
tion, by Solution of potassa or soda. The trifling quantities of cobalt 
and nickel, dissolyed on the first treatment of the sulphide precipitate 
with dilute hydrochloric acid, remain with the sulphide of zinc in the 
Separation of the latter from the sulphide of manganese by acetic acid — 
or with the protoxide of manganese if the Separation is effected by 
tolntion of potaasa or soda. The sulphide of zinc may be extractedfrom 
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siich cases be detected most distinctly by resting* tlie test-tube upon a 
sheet of white paper, and looking tbrough it from the top. The 
delicacj of the reaction may also be increased by shaking gently with 
ether after the addition of hydrochloric acid, and of excess of sulpJbo- 
cyanide of potassium Solution freshly prepared from the crystals. The 
sulphocyanide of iron dissolves in the etiler^ and the layer of the latter 
acquires a more or less red color. 

9. Carbtmate qf haryta precipitates even in the cold all the iron as 

HYDRATE OF SE8QUIOXIDE MIXED WITH A BASIC SALT. 

10. The reactions before the bUntpipe are the same as with the 
protoxide. 

§112. 

Ifeeapitulatum and remarks, — On observing the reactions of the several 
Oxides of the fourth group with Solution of potassa, it would appear that 
the Separation of the oxide of zinc, which is soluble in an excess of thi« 
reagent, might be readily effected by its means ; bat in the actual 
experiment we find that rather notable quantities of oxide of zinc are 
thrown down with the sesquioxide ofiron, protoxide of cobalt, &c. To 
such an extent indeed that it is often impossible to demonstrate the 
presence of oxide of zinc in the alkaline mtrate. This method would 
be entirely inadmissible in the presence of sesquioxide of chromium, 
as Solutions of the latter and of oxide of zinc in potassa mutually pre- 
cipitate each other. 

Again, the reactions of the different oxides with chloride of ammo- 
nium and an access of ammonia would lead to the conclusion that the 
Separation of sesquioxide of iron from the protoxides of cobalt, nickel, 
and manganese, and from oxide of zinc, might be readily effected by 
these agents. But this method also if applied to the mixed oxides is 
inaccurate, since greater or smaller portions of the other oxides will 
always precipitate along with the sesquioxide of iron ; and it may 
therefore hapi)en that small quantities of cobalt^ manganese^ &c,, alto- 
gether escape detection in this process. 

It is far safer therefore to separate the other oxides of the fourth 
group from sesquioxide of iron by carbonate of baryta, as in that case 
tue iron is precipitated free from oxide of zinc and protoxide of man- 
ganese, ana, if chloride of ammonium is added previously to the addi- 
tion of the carbonate of bary ta, almost entirely free also irom protoxide 
of nickel and protoxide of cobalt Instead of using the carbonate of 
baryta for the Separation of sesquioxide of iron. we may proceed as 
follows : nearly neutralize any excess of acid with carbonate of soda, 
add acetate of soda and boil ; or mix the sufficiently diluted Solution 
with a rather large quantity of chloride of ammonium, cautiously add 
carbonate of ammonia tili the fluid commences to become cloudy, the 
reaction still remaining acid, and then boil. In each of these two 
last methods the basic salt of sesquioxide of iron must be ültered 
off bot. 

Protoxide of manganese may conveniently be separated from the 
protoxides of cobalt and nickel. as well as from oxide of zinc, by treating 
the washed precipitated sulphides with moderately dilute acetic acid, 
which dissolves the sulphide of manganese, leaving the other sulphides 
lindissolved. If the acetic acid Solution is now evaporated and mixed 
with Solution of potassa, the least trace of a precipitate will be sufficient 
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li reeomise the manganefle befbre the blowpipe with carbonate of 
loda. ff the sulriiides left undissolyed by acetic acid are now treated, 
ifter washing, wiui Terj dilute hydrochloric acid, the sulphide of zine 
dinolTea, leaTing almost the whole of the sulphides of cobalt and nickel 
behind. If the fluid is then boiled, and stron^lj concentrated to expel 
tfe hjdrosalpharic acid, and afterwards treatea with Solution of potassa 
er toda in excess without warming, the zino is sure to be detected in 
the ültrate bj hydrosulphuric acid. 

On drying the filter containin^ the sulphides of nickel and cobalt, 
iidneratin^ it in a small porcelain dish, and testing a portion of the 
residue witn borax in the inner blowpipe flame, the cobalt may gene- 
Ttlly be detected with certainty even m the presence of nickel. The 
detection of nickel in presence of cobalt is not quite so simple a matter. 
It u best done by warming the rest of the residue with a little a(}ua 
iq^, diluting, fiftering, eyaporating the Solution to a small bulk, mixmg 
with a sufficiency of nitrite of potassa, addinep acetic acid to strongly 
idd reaction^ and setting aside in a moderately warm place for at least 
twelye hours. The cobalt then separates as nitrite of sesquioxide of 
oobalt and potassa ; the nickel may be precipitated from the filtrate by 
•olntioii of soda, and, to preyent mistakes, tested befoi'e the blowpipe, 
or accordiug to § 108, 11, afker consideruble dilution. For the detec- 
tion of small ouantities of nickel in presence of large quantities of 
cobalt, it is still better to use the Solution of the cyanides in Cyanide of 
potaasium mixed with Solution of soda. In this Solution the presence 
of cobalt will be shown by a dark color on exposure to the air, the 
presence of nickel by the Separation of black sesquioxide on treatment 
with chlorine (h 108, 10, and § 109, 10). 

In practica} analysis we generally separate the whole of the oxides 
of the fourth group as sulphides by precipitation with sulphide of ammo- 
ninm. It is therefore in most cases still more convenient to separate 
nickel and cobalt, or at least the far larger portion of these two metals, 
at the outset. To this end the moist precipitate of the sulphides is 
treated with water and some hydrochlonc acid, with actiye stirring, but 
without application of heat. Nearly the whole of the sulphide of nickel 
and sulpmde of cobalt is left behind undissolyed, whilst all the other 
sulphides are dissolyed. The undissolved residue of sulphide of cobalt 
and sulphide of nickel is filtered and washed, and treated as directed 
aboye. By boiling the filtrate with nitric acid the iron is converted 
from che State of protoxide, as it existed in the Solution of the sulphide, 
into that of sesouioxide. After the free acid has been nearly neutralized 
by carbonate oi soda, the iron may be thrown down as basic salt either 
by carbonate of baryta in the cold, or by acetate of soda and boiling. 
Manganese and zinc alone remain in the filtrate ; these metals are then 
also precipitated with sulphide of ammonium and some chloride of 
ammonium, the precipitate is filtered and washed, and the two metals 
are finally separated from each other by acetic acid as directed aboye, 
or, after removal of the baryta by sulphuric acid and great concentra- 
tion, by Solution of potassa or soda. The trifling quantities of cobalt 
and nickel, dissolyed on the first treatment of the sulphide precipitate 
with dilute hydrochloric acid, remain with the sulphide of zinc in the 
Separation of the latter from the sulphide of manganese by acetic acid — 
or with the protoxide of manganese if the Separation is effected by 
Solution dT potassa or soda. The sulphide of zinc may be extracted from 
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8iich cases be detected most distincdy by resting tlie test-tube upon a 
sheet of white paper, and looking through it from the top. The 
delicacj of the reaction maj also be increased by shaking gently with 
ether after the addition of hydrochloric acid, and of excess of suldbo- 
cyanide of potassium Solution freshly prepared from the crystals. The 
sulphocyanide of iron dissolves in the etiler, and the layer of the latter 
acquires a more or less red color. 

9. Carhonate oj baryta precipitates even in the cold all the iron as 

HYDRATE OF 8ESQUI0XIDE MIXED WITH A BASIC SALT. 

10. The reactions before the blowpipe are the same as with the 
protoxide. 

§112. 

Jtecapitulatum, and remarks. — On obserringthe reactions of the several 
Oxides of the fourth group with Solution of potassa, it would appear that 
the Separation of the oxide of zinc, which is soluble in an excess of thii 
reagent, might be readily effected by its means ; but in the actual 
experiment we find that rather notable quantities of oxide of zinc are 
thrown down with the sesquioxide ofiron, protoxide of cobalt, &c. To 
such an extent indeed that it is often impossible to demonstrate the 
presence of oxide of zinc in the alkaline mtrate. This method would 
be entirely inadmissible in the presence of sesquioxide of chromium, 
as Solutions of the latter and of oxide of zinc in potassa mutually pre- 
cipitate each other. 

Again, the reactions of the different oxides with chloride of ammo- 
nium and an access of ammonia would lead to the conclusion that the 
Separation of sesquioxide of iron from the protoxides of cobalt, nickel, 
and manganese, and from oxide of zinc, might be readily effected by 
these agents. But this method also if applied to the mixed oxides is 
inaccurate, since greater or smaller portions of the other oxides will 
always precipitate along with the sesquioxide of iron ; and it may 
therefore happen that small quantities of cobait, manganese, &c.j alto- 
gether escape detection in this process. 

It is far safer therefore to separate the other oxides of the fourth 
group from sesquioxide of iron by carhonate of baryta, as in that case 
the iron is precipitated free from oxide of zinc and protoxide of man- 
ganese, ana, if chloride of ammonium is added previously to the addi- 
tion of the carhonate of baryta, almost entirely ^ee also from protoxide 
of nickel and protoxide of cobalt Instead of using the carhonate of 
baryta for the Separation of sesquioxide of iron, we may proceed as 
foUows : nearly neutralize any excess of acid with carhonate of soda, 
add acetate of soda and boil ; or mix the sufficiently diluted Solution 
with a rather large quantity of chloride of ammonium, cautiously add 
carhonate of ammonia tili the fluid commences to become cloudy, the 
reaction still remaining acid, and then boil. In each of these two 
last methods the basic salt of sesquioxide of iron must be filtered 
off bot. 

Protoxide of manganese may conveniently be separated from the 
protoxides of cobalt and nickel. as well as from oxide of zinc, by treating 
the washed precipitated sulpoides with moderately dilute acetie acid, 
which dissolves the sulphide of manganese, leaving the other sulphides 
nndissolved. If the acetie acid Solution is now evaporated and mixed 
with Solution o{ potaasa, the l^ast trace of a precipitate will be aufficient 
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ti reeogiiise the manganese befbre the blowpipe with carbonate of 
foda. If the 8ul{diides left undissolved bj acetic acid are now treated, 
ifter washing, with Tery dilute hydrochloric acid, the sulphide of zine 
iuBolreBy leaTing almost the whole of the sulphides of cobaltandnickel 
behind. If the fluid is then boilcd, and stron^ly concentrated to expel 
the hjdrosalphluic acid^ and afterwards treatea with Solution of potassa 
or toda in excess without warming', the zino is sure to be detected in 
the iiltrate bj hydrosulphuric acid. 

On drying the filter containing the sulphides of nickel and cobalt, 
iieineratine' it in a small porcelain dish, and testing a portion of the 
lesidue witn boraz in the inner blowpipe flame, the cobalt may gene- 
nlly be detected with certainty even m the presence of nickel. The 
detection of nickel in presence of cobalt is not quite so simple a matter. 
It is best done by warming the rest of the residue with a little a(jua 
regia, dilutingy filtering, eyaporating the Solution to a small bulk, mixmg 
with a sufficiency of nitrite of potassa, addinep acetic acid to strongly 
•cid reaction, and setting aside in a moderately warm place for at least 
twelye hours. The cobalt then separates as nitrite of sesquioxide of 
eobalt and potassa ; the nickel may be precipitated firom the filtrate by 
Bohition of soda, and, to preyent mistaxes, tested befoi'e the blowpipe, 
or according to § 108, 11, after consideruble dilution. For the detec- 
tion of small Quantities of nickel in presence of large quantities of 
cobalt, it is still better to use the Solution of the cyanides in Cyanide of 
potassium mixed with Solution of soda. In this Solution the presence 
of cobalt will be shown by a dark color on exposure to the air, the 
presence of nickel by the Separation of black sesquioxide on treatment 
with chlorine a 108, 10, and § 109, 10). 

In practicad analysis we generally separate the whole of the oxides 
of the fourth gproup as sulphides by precipitation with sulphide of ammo- 
ninm. It is therefore in most cases still more conycnient to separate 
nickel and cobalt, or at least the far larger portion of these two metals, 
at the outset. To this end the moist precipitate of the sulphides is 
treated with water and some hydrochlonc acid, with actiye stirring, but 
without application of heat. Nearly the whole of the sulphide of nickel 
and sulphide of cobalt is left behind undissolyed, whilst all the other 
sulphides are dissolyed. The undissolved residue of sulphide of cobalt 
ana sulphide of nickel is filtered and washed, and treated as directed 
aboye. By boiling the filtrate with nitric acid the iron is converted 
from the State of protoxide, as it existed in the Solution of the sulphide, 
into that of sescjuioxide. After the free acid has been nearly neutralized 
by carbonate oi soda, the iron may be thrown down as basic salt either 
by carbonate of baryta in the cold, or by acetate of soda and boiling. 
Manganese and zinc alone remain in tbe filtrate ; these metals are then 
also precipitated with sulphide of ammonium and some chloride of 
anunonium, the precipitate is filtered and washed, and the two metals 
are finally separated from each other by acetic acid as directed above, 




precipitate 

with dilute hydrochloric acid, remain with the sulphide of zinc in the 
Separation of the latter from the sulphide of manganese b^ acetic acid — 
or with the protoxide of manganese if the Separation is effected by 
lolotiim of potasMi or soda. The sulphide of zinc may be extractedfrom 
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fiision in the air. Nitric acid dissolves silver readily ; the metal is in- 
soluble in dilute sulphuric acid and in bydrocbloric acid. 

2. Oxide of silver is a grayish-brown powder ; it is not altogether 
insoluble in water^ and dissolves readily in ailute nitric acid. It forms 
no hydrate. It is decomposed by beat into metallic silver and oxygen 
gas. The black suboxide of silver (Ag 0) and the binoxide are like- 
wise decomposed by heat into metallic suver and oxygen, 

3. The 8ALT8 OF OXIDE OF SILVER are non-volatile and colorless; 
many of them acquire a black tint upon exposure to light. The 
soluble neutral salts do not alter vegetable colors, and are decomposed 
at a red heat 

4. Hydrosulphuric acid and stUphide qfammonium precipitate black SUL- 
PHIDE OF SILVER (AgS) which is insoluble in dilute acids, alkalies, 
alkaline sulphides, and Cyanide of potassium. Boiling nitric acid 
decomposes and dissolves this precipitate readily, with Separation of 
sulphur. 

5. Pc)^^^a and ^(7(2a precipitate OXIDE of silver in the form ofa 
grayish-brown powder, which is insoluble in an excess of the preci- 
pitants, but dissolves readily in ammonia. 

6. Ammoniay if added in very small quantity to neutral Solutions, 
throws down the oxide as a brown precipitate, which readily re- 
dissolves in an excess of ammonia. Acid Solutions are not pre- 
cipitated. 

7. Hydrochloric acid and solvhle metaUie Chlorides produce a white 
curdy precipitate of Chloride of silver (AgCl). In very dilute 
Solutions these reagents impart at first simply a bluish-white o])alescent 
appearance to the fluid ; but aller long Standing in a warm place the 
cüloride of silver coUects at the bottom of the vessel. By tne action 
of light the white chloride of silver loses chlorine, first acquiring a 
violet tint, and ultimalely turning black ; it is insoluble in nitric acid, 
but dissolves readily in ammonia as ammonio -chloride of sil?er, from 
which double Compound the chloride of silver is again separated by 
acids. Concentrated hydrochloric acid and concentrated Solutions of 
chlondes of the alkali metals dissolve chloride of silver to a very per- 
ceptible amount, more parücularly upon application of heat; but the 
dissolved chloride separates a^ain upon dilution. Upon exposure to 
heat chloride of silver fuses without aecomposition, giving upon cooling 
a transhicent horny mass. 

8. If compounas of silver mixetl with carlnmate of soda are exposed 
on a charcoal support to the irmerßame of the blompipe, white bruliant 
malleable metallic globules are obtained, with or without a slight dark 
red incrustation of the charcoal. The metal is also readily reduced in 
the stick of charcoal (p. 24). 

§ 116. 

J. Suboxide of Mercury (Hg,0). 

1. Metallic hbrcurt is grayish- white, lustrous, fluid at the 
common temperature ; it solidifies at - 89^, and boils at 360°. It is 
insoluble in hydrochloric acid ; in dilute cold nitric acid it dissolves ta 
nitrate of suboxide, in concentrated hot nitric acid to nitrate of oxide of 
mercury. 

2. Suboxide of jibrcu^t is a black powder, readily soluble in, 
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nitric acicL It is deeoroposed bj the action of heat, the mercury 
Tolatilizing in the metallic State. It forms no hydrate. 

3. The 8ALTS OF SUBOXIDE OF MERCURY volatilize upon ignition; 
most of them snffer decomposition in this process. SuDchloride and 
sabbromide of mercury volatilize unaltered. Most of the salts of sub- 
oxide of mercury are colorless. The soluble salts in the neutral State 
redden litmus-paper. Nitrate of suboxide of mercury is decomposed 
by addition of much water into a light yellow insoluble basic and a 
floluble seid salt. 

4. JEfydrosulphurie aeid and sulphide of ammonium produce black pre- 
eipitateSy which are insoluble in dilute acids, sulphide of ammonium, 
md Cyanide of potassium. The precipitates consist of sulphide of 
MERCURY MiXED wiTH MERCURY. Monosulphide of sodium, in 
presence of some caustic soda, dissolves this precipitate with Separation 
of metallic mercury ; bisulphide of sodium dissolves it without Separa- 
tion of metallic mercury ; the Solutions contain sulphide of mercury. 
The precipitate gives up mercury to boiling concentrated nitric acid 
with tormation ofa white double Compound, namely, HgO, NO, + 2Hg S. 
The precipitate is readily dissolved oy aqua regia. 

5. Potassa^ 9oda, and ammonia proauce black precipitates, which are 
msoluble in an excess of the precipitants. The precipitates produced 
by the fixed alkalies consist of suboxide of mercury; whilst those 
produced by ammonia consist of basic salts contain ino ammonia 

OB AMIDOOEN. 

6. IfydroMorie aeid and soluble metallic ehlorides precipitate SUB- 
CHLORiDE OF MERCURY (H<^, Cl) BS a finc powdcr Ol dazzling white- 
ness. Cold hydrochloric acid and cold nitnc acid fail to dissolve this 
precipitate ; it dissolves however, although very difiicultly and slowly, 
mxm Iong*continued boiling with these acids, bein»: resolved by hydro- 
^oric acid into chloride of mercury and metallic mercury, which 
separates ; and converted by nitric acid into chloride of mercury and 
mtrate of oxide of mercury. Nitrohydrochloric acid and chlorine 
water dissolve the subchloride of mercury readily, Converting it into 
chloride. Ammonia and potassa decompose the subchloride of mer- 
cury, separating from it, the former a conipound of subamide of mercury 
with subchloride of mercury (Hg, NH„ Hg, Cl), the latter suboxide of 
mercury. 

7. If a drop of a neutral or slightly acid Solution is put on a clean 
Md smooth surfaee of oopper, and washed off after some time, the spot 
will afterwards, on being gently rubbed with cloth, paper, &c., appear 
white and lustrous like silver. The application of a gentle heat to the 
copper causes the metallic mercury precipitated on its surface to vola- 
tilize, and thus removes the silvenng. 

8. ProtoMoride of tin produces a gray precipitate of metallic 
XERCURY, which may be united into gloDules by boiling the metallic 
deposit, after decanting the fluid, with hydrochloric acid, to which a 
Uttle protochloride of tin may also be added. 

9. If an intimate mixture of an anhydrous Compound of mercury 
with anhydrous carhonate of soda is introcluced into a sealed glass tube, 
and covered with a layer of carbonate of soda, and the tube is then 
strongly heated, the mercurial Compound invariably undergoes decom- 
position^ and mbtallio mercury separates, forming a coat of gray 
rabl^oate ri>ov6 the heated part of the tube. By means of a lens the 
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Sublimate will be seento consist of s^lobules of metal. Larger globales 
may be obtained by rubbing the subumate with a glass rod. 

§ 117. 
e. Oxide op Lead (Pb 0). 

1. Metallic LEAD isbluish^gray; its surface recently cut ezhibit» 
a metallic lustre : it is soft^ malleable, readily fusible. It evaporates at 
a white heat. rused upon charcoal before the blowpipe it forms a 
coating of yellow oxide on the support. Hydrochloric acid and 
moderately concentrated sulphuric acid act upon it but little, even with 
the aid ol heat ; but dilute nitric acid dissolves it readily, more parti- 
cularly on heating. 

2. Oxide dp lead is a yellow or reddish-yellow powder, looking 
brownish-red whilst hot, andfusible at a red neat. Hydrated oxide 
of lead is white. Both the oxide and its hydrate dissolve readily in 
nitric and acetic acids. Suboxide of LEAD*(Pb, 0) is black, minium 
(2 Pb 0, Pb 0) is red, the so-called sesquioxide is light brown, the 
BiNOXiDE is brown. They are all of them converted into the oxide by 
ignition in the air. The binoxide is not dissoWed by heating with 
nitric acid, but it dissolves readily in that menstruum on addition 
of some spirit of wine. The Solution contains nitrate of oxide of lead. 

3. The 8ALT8 OF OXIDE OF LEAD are non-Yolatile ; most of them 
are colorless ; the neutral soluble salts redden litmus-paper, and are 
decomposed at a red heat. If chloride of lead is ignited in the air, part 
of it volatilizes, and leaves behind a mixture of oxide of lead and 
chloride of lead. 

4. Hydrosulphurie add and ^J9^u2ß0/*0mm<?iit«mproduceblack preci- 
pitates of SULPHIDE op lead ^Pb S), which are insoluble in cc?^ dilute 
acids, in alkalies, alkaline sulphiaes, and Cyanide of potassium. Sulphide 
of lead is decomposed by hot nitric acid. If the acid was dilute, the 
whole of the leaa is obtained in Solution as nitrate of oxide of lead, and 
sulphur separates — ^if the acid was fuming, the sulphur is also com- 
pletely oxidized, and insoluble sulphate of lead alone is obtained ; — if 
the acid was of medium concentration, both processes take place, a 
portion of the lead being obtained in Solution as nitrate of lead, whilst 
the remainder separates as sulphate of lead, together with the un- 
oxidized sulphur. In Solutions of salts of lead containing a large 
excess of a concentrated mineral acid, hydrosulphurie acid produces a 
precipitate only after the addition of water or after partial neutralization 
of the free acid by an alkali. If a Solution of lead is precipitated by 
hydrosulphurie acid in presence of a large quantity of free hydrochloric 
acid, a red precipitate is occasionally formed, consisting of cnloride and 
sulphide ot lead, which is however converted by an excess of hydro- 
sulphurie acid into black sulphide of lead. 

6. Potassa^ soda, and ammonia throw down basic salts in the form 
of white precipitates, which are insoluble in ammonia but soluble in 
potassa and soda. In Solutions of acetate of lead ammonia (free from 
carbonic acid) does not inmiediately produce a precipitate^ owing to the 
fonnation of a soluble di- or triacetate of lead. 

6. Carbanate qfsoda throws down a white precipitate of basic car- 
BONATB op LEAD \e^., 6 [Pb 0, C J + Pb 0, H 0], which is not quite 
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insoluble in a large ezce«» of the precipitant, especiall j on heating, but 
JB insoluble in Cyanide of potassium. 

7. Bj^roeklorie acid and aolMe Mondes produce in concentrated 
lolntions heavT white precipitates of Chloride of lead (PbCl), 
which are soluDle in a bum amount of water^ especiallj upon applica- 
tion of heat. This chloride of lead is convert^ b j ammonia into basic 
ehlonde of lead (Pb Cl, 8 Pb + H 0), which is also a white powder, 
bat almost absointely insoluble in water. In dilute nitric and hjdro- 
ehloric acids chloride of lead is more difficultlv soluble than in water. 

S,.Stäpkuric aeid vaA sulphates produce white precipitates of sul- 
PHATB OF LEAD (Pb 0, S 0,)^ whicii are nearlj insoluble in water and 
dilate acids. From dilute Solutions, especiallj from such as contain 
much free acid, the sulphate of lead precipitates only after some time, 
frequentlj onlj after a long^ time. It is advisable to add a considerable 
excess of dilute sulphuric acid, as this tends to increase the delicacy of 
the reaction, sulphate of lead being* more insoluble in dilute sulphuric 
acid than in water. The Separation of small quantities of sulphate of 
lead is best efiected bj evaporating*, after the addition of the sulphuric 
•cid, as far as practicable on the water-bath, and then treating the 
residue with water ; or, if allowable, with spirit. Sulphate of lead is 
slightW soluble in concentrated nitric acid ; it dissolves with difficulty 
in boiUng concentrated hydrochloric acid, but more readily in Solution 
of potassa. It dissolves also pretty readily in the Solutions of some of 
the salts of ammonia, particularly in Solution of acetate of ammonia ; 
dilute sulphuric acid precipitates it again from these Solutions. 

9. Chromate of potassa produces a yellow precipitate of Chromate 
OF LEAD (Pb 0, Cr 0^), which is readily soluble m potassa, but diffi- 
cultly so in dilute nitric acid. 

10. If a mixture of a Compound of lead with carhonate of soda is ex- 
poaed on a charcoal support to the reducinff ßarne of the hlompipe,, soft 
malleable metallic globules of lead are readily produced, the 
charcoal becoming covered at the same time with a yellow incrustation 
of OXIDE oF lead. The reduction may be also readily eöected by 
means of the stick of charcoal. 

11. Tlie metallic incrustation obtained according to p. S5, is black 
with brown edge, the incrustation of oxide is light yellow ochre, the in- 
crustation of iodide varies from the yellow of the lemon to that of the 
Tolk of an ^%%y the incrustation of sulphide varies irom brownish-red to 
olacky and is not dissolved by sulphide of ammonium (Bunsen). 

§ 118. 

BeeapUulation and remarks, — The metallic oxides of the first division 
of the fifth group are most distinctly characterized in tbeir correspond- 
ing Chlorides ; since the diöerent reactions of these Chlorides with water 
and ammonia afford us a simple means both of detccting them and of 
effecting their Separation from one another. For if the precipitate con- 
taining the three metallic Chlorides is boiled with a somewhat large 
Quantity of water, or boiling water is repeatedly poured over it on tue 
nlter, tiae chloride of lead dissolves, whilst the chloride of silver and the 
eubchloride of mercury remain undissolved. If these two chlorides are 
then treated with ammonia, the subchloride of mercury is converted 
into the black basic salt, insoluble in an excess of the ammonia, de- 

k2 
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scribed in § 116, 5, whilst the chloride of silver dissolves readily in the 
ammonia, and precipitates from this Solution ag^in upon addition of 
nitric acid. (When operating upon small quantities it is advisable first 
to expel the g^eater part of the ammonia by heat.) In the aqueous 
Solution of chloride ol lead the metal may be readily detected by sul- 
phuric acid. 



SECOND DIVISION : OXIDES WHICH ARE NOT PRECIPITATED BY 

HYDROCHLORIC ACID. 

§ 119. 

Ä. Oxide op Mercury (HgO). 

1. Oxide of mercury is generally crystalline, and has a bright 
red color, wliich upon reduction to powder changes to a dull yellowish- 
red ; the oxide precipitated from sohitions of the nitrate or chloride 
forms a yellow powder. It is not quite insoluble in water, it turns gray 
in the air. Upon exposure to heat it transiently acquires a deeper tint ; 
at a dull red heat it is resolved into metallic mercury and oxygen. 
Both the crystalline and non-crystalline oxide dissolve readily in hydro- 
chloric acid and in nitric acid. 

2. The 8ALT8 OF OXIDE OF MERCURY voktilize upon ignition ; 
they sufFer decomposition in this process ; chloride, bromide, and iodide 
of mercury volatilize unaltered. On boiling a Solution of the chloride, 
some of the salt escapes with the steam. Most of the salts are color- 
less. The soluble neutral salts redden litmus-paper. The nitrate and 
sulphate are decomposed by a large quantity of water into soluble acid 
ana insoluble basic salts. 

8. Addition of a very small quantity of hydromlphurie acid or std^ 
phide of ammonium produces, after shaking, a perfectly white precipitate. 
Addition of a somewhat larger quantity of these reagents causes the 
precipitate to acquire a yellow, orange, or brownish-red color ; an excess 
of the precipitant produces a black precipitate of sulphide of mer- 
cury (HgS). This progressive Variation of color from white to black, 
which depends on the proportion of the hydrosulphuric acid or sulphide 
of ammonium added, distinguishes the oxide of mercury from all other 
bodies. The white precipitate which forms at first consists of a double 
Compound of sulphide ot mercury with the still undecomposed portion 
of the salt of oxide of mercury (in a Solution of chloride oi mercury, for 
instance. Hg Cl + 2 Hg S) ; the gradually increasing admixture of black 
sulphide causes the precipitate to pass through the several gradations 
of color above mentioned. Sulphide of ammonium only dissolves the 
smallest traces of sulphide of mercury ; the least amount of mercury is 
dissolved when the precipitate is digested in the heat with yellow sul- 
phide of ammonium. Potassa and Cyanide of potassium do not dissolve 
the sulphide of mercury, and it is entirely insoluble in hydrochloric and 
in nitric acid, even on boiling. By the very protracted action of bot 
concentrated nitric acid the precipitate is converted into a white body, 
consisting of 2 Hg S + Hg 0, N 0,. Sulphide of potassium and sulphide 
of sodium in the presence of potash or soda dissolve the precipitate 
completely, but it is insoluble m double sulphide of potassium and 
bjärogeu, and in double sulphide of sodium and hydrogen. Aqua 
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regia decompoaes the precipitate and dissolves it with ense. In Solu- 
tions of oxide of mercurj containing' a larg^e excess of concentrated 
mineral acid, hjdrofiolphuric acid produces a precipitate onlj after 
additicm of water. 

4. Potassa added in small quantity produces in neutral or slightly 
idd Solutions a reddish-brown precipitate, which acquires a yellow tint 
if the reagent is added in excess. The reddish-brown precipitate is a 
BA^c SALT ; the yellow precipitate consists of oxide of mercury. 
An excess of the precipitant does not redissolve these precipitates. In 
very add Solutions this reaction does not take place at all, or at least 
the precipitation is very incomplete. In presence of salts of ammonia 
potassa produces white precipitates. The precipitate thrown down by 
potassa from a Solution of chloride of mercury containinsf an excess of 
Chloride of amnionium is of analogous composition to the precipitate 
produeed by ammonia (see 5). 

5. Amnümia produces white precipitates quite analogous to those 
produeed by potassa in presence of cnloride of ammonium ; thus, for 
instance, ammonia precipitates from Solutions of chloride of mercury a 

.CHLORIDE OF DIMERCUR-AMMONIUM (N H^Hg^Cl). 

6. Protoehiaride of tin added in small quantity to Solution of chloride 
of mercury, or to Solutions of salts of oxide of mercury in presence of 
hydrochloric acid, throws down subchloride of mercury (2 Hg Cl + 
8nCl=Hg,Cl + SnCy. By addition of a larger quantity of the 
reagent the precipitated subchloride is reduced to metal (Hg^Cl-f 
8n Cl = Hg, + Sn Cl,). The precipitate, which was white at iirst, acquires 
therefore now a gray tint, and may, after it has subsided, be readily 
united into globules of metallic mercury by boiling with hydrochloric 
seid and a little protochloride of tin. 

7. If a little palvame elementy made out of a slip of platinum foil and 
a slip of tinfoil, joined at one end with a wooden clamp and otherwise 
spart from each other, is introduced into a Solution of oxide of mercury 
acidified with hydrochloric acid, all the mercury will gradually be pre- 
cipitated by preference upon the platinum. On removing the foils. 
drying and heating strongiy in a glass tube, globules of mercury will 
be obtained, which may be more oistinctly seen under the microscope. 
On heating this mercury with a fragment of iodine, it will be converted 
mto red iodide of mercury (Van den Broek). 

8. The salts of oxide of mercury show the same reaction as the salts 
of the suboxide with metallic capper and when heated with oarbonate of 
»da in a glass tube. 

§ 120. 
l, Oxide of Copper (CuO). 

1. Metallic copper has a peculiar red color, and a strong lustre ; 
it is moderately hard. malleable, rather difficultly fusible ; in contact 
with water and air it becomes covered with a green crust of basic car- 
bonate of oxide of copper ; upon ignition in the air it becomes coated 
over with suboxide ana oxide. In hydrochloric acid and dilute sul- 
pharic acid it is insoluble or nearly so, even upon boiling. Nitric acid 
aiMolves the metal readily. Concentrated sulphuric acid converts it 
into milphate of oxide of copper, with evolution of sulphurous acid. 

3. DUBOXiDB of COPPBR is red, its hydrate yellow ^ both change to 
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ox'de upon ignition in the air. On treating the suboxide with dilute 
suiphuric acid metallic copper separates, whilst sulphate of oxide of 
copper dissolves ; on treating suboxide of topper with hydrochloric acid 
wbite subchloride of copper is formed, whicn dissolves in an excess of 
the acid. but is reprecipitated from this Solution by water. 

3. Oxide dp copper is a black fixed powder; its hydrate 
(Cu 0, H 0) is of a liffht blue color. Both the oxide of copper and its 
hydrate dissolve readuy in hydrochloric, suiphuric, and nitric acids. 

4. Most of the neutral salts dp oxide op copper are soluble in 
water ; the soluble salts redden litmus, and suffer decomposition when 
heated to gentle redness, with the exception of the sulphate, which can 
bear a somewhat higher temperature. Thev are usually white in the 
anhydrous State ; the hydrated salts are usually of a blue or green color, 
which their Solutions continue to exhibit even when much diluted. 

5. Hydrosulphuric acid and sulphide qf ammonium produce in alkaline, 
neutral, and acid Solutions brownish-black precipitates of sulphide op 
copper (Cu S). This sulphide is insoluble in oilute acids and caustic 
alkalies. Hot Solutions of sulphide of potassium and sulphide of 
sodium iail also to dissolve it or dissolve it only to a very trifling extent ; 
but it is a little more soluble in sulphide of ammonium, especially 
when yellow and bot The latter reagent is therefore not well adapted 
to effect the perfect Separation of sulpnide of copper from other metallic 
sulphides. Sulphide of copper is readily decomposed and dissolved by 
boiiing nitric acid, but itremains altos^ther unaffected by boiling dilute 
suiphuric acid. It dissolves completely in Solution of Cyanide of potas- 
sium. In Solutions of salts of copper which contain a very large excess 
of a concentrated mineral acid hydrosulphuric acid produces a precipi- 
tate only afber the addition of water. 

6. Potassa or soda produces a light blue bulky precipitate of 
HYDRATE OP OXIDE OP COPPER (Cu 0, H 0). If the solution is highly 
concentrated, and the precipitant is added in excess, the precipitate 
turns black after the lapse ot some time, and loses its bulkuiess, even 
in the cold ; but the change takes place immediatcly if the precipitate 
is boiled with the fluid in which it is suspended (and which must, if 
necessary, be diluted for the purpose). In this process the Cu 0, H 
is converted into 3 Cu 0, H 0. 

?. Carbanate qf soda produces a greenish-blue precipitate of 

HYDRATED BA8I0 CARBONATE OP COPPER (Cu 0, C 0, + Cu 0, H 0), 

which upon boiling changes to brownish-black hydrate of oxide of 
copper, and dissolves in ammonia to an azure-blue, and in Cyanide of 
potassium to a colorless fluid. 

8. Ammonia added in small quantity to Solutions of neutral salts 
produces a greenish-blue precipitate, consisting of a basic salt of 
COPPER. This precipitate redissolves readily upon further addition of 
ammonia to ii perfectiy clear fluid of a magnificent azure-blue, which 
owes its color to the formation of a basic salt op ammonia and 
OXIDE op COPPER. Thus, for instance, in a Solution of sulphate of 
oxide of copper ammonia produces a precipitate of N H„ Cu + N H^, 
S 0,. In Solutions containintj;- a certain amount of free acid ammonia 
produces no precipitate, but this azure-blue coloration makes its appear- 
ance at once the instant the ammonia predominates. The blue color 
oeases to be perceptible only in very dilute Solutions. Potassa produces 
in such blue soluUons in the cold^ uter the lapse of some time^ a preci- 
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pitete of blue hjdrate of oxide of copper ; but upon boiling the fluid 
this reagent precipitates the whole ot the copper as black hjdrated 
ozide. Uarbonate of ammonia shows the same reactions as ammonia. 

N.B. In the presence of non-volatile org^ic acids the salts of copper 
ize not precipitated bj caustic or carbonated alkalies, the resulting 
«dutions having a deep blue color. In presence of sugar or similar 
manic substances caustic alkalies produce precipitates which are 
soiuble in ezcess of the precipitants ; carbonate of soda, however^ pro- 
duoea a permanent precipitate. 

9. Berrocyamüde of potasdum produces in moderately dilute Solutions 
a reddish-brown precipitate of ferrocyanide of copper (Cu,, Cfjr), 
inaoluble in dilute acids^ but decomposed by potassa. In verj highly 
dilnte Solutions the reagent merely produces a reddish coloration. 

10. If the Solution of a salt of oxide of copper is mixed with sulphu- 
roos acid or with hydrochloric acid and sulpLiite of soda, and sulplio* 
tytnide of potassium iB then added, the subsulphocyanide of copper 
(Co^ Cy SJ is thrown down. The precipitate is white, and is practically 
insoTuble in water and dilute acids. 

11. MetaUie iron when brought into contact with concentrated Solu- 
tions of salts of copper is almost immediately covered with a copper-red 
eoating' of metallic copper; very dilute Solutions produce fhis 
eoating only after some time. Presence of a little free acid accelerates 
the reaction. If a fluid containing copper and a little free hydrochloric 
•cid is poured into a platinum eapsule (the lid of a platinum crucible), 
and a small piece of isine is introduced, the bright platinum suriace 
speedily becomes covered with a coatinq of copper; even with very 
culute Solutions this coatinjr is clearly discernible. If a piece of iron 
wire is inserted into a spiral formed irom a rather stout platinum mre^ 
and the whole is then placed in a sli^htly acidified Solution of copper, 
the platinum wire will after some time be found to be coated with 
copper. 

12. If a mixture of a Compound of copper with carbonate of soda is 
exposed on a charcoal support to the inner Jlame of the blompipe^ 
metallic copper is obtained, without incrustation of the charcoal. 
The reduction may be also very conveniently eflfected in the stick of 
charcoal (p. 24). The best method of freeing the copper firom the 
particles ot charcoal is to triturate the fiised mass in a small mortar with 
water. and to wash off the charcoal powder, when the copper-red 
metallic particles will be left behind. 

13. If copper, or some alloy containing copper, or a trace of a salt 
of copper, or even simply the loop of a platinum wire dipped in a highly 
dilute copper Solution, is introduced mto the Aising zone of the ffos 
flamey ot exposed to the inner hlompipe ßatne^ the upper or outer portion 
of the flame shows a magniflcent emerald-green tint Addition of 
hydrochloric acid to the sample considerably heightens the beauty and 
delicacy of this reaction. The flame then has an azure color. 

14. Borax readily dissolves oxide of copper in the outer gas- or 
blowpipe-flame. The beads are green while Lot, blue when cold. In 
the inner flame the bead is colorless unless a very large quantity of 
copper is present ; when cold it is red and opaque. In the lower re- 
ducing zone of the Bunsen gas flame the bead does not become reddish- 
brown until the addition of binoxide of tin, when this change rapidly 
takfis place, owing to the production of suboxide of copper. If the Dead 
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is inti'oduced altemately into the lower oxidizing" zone and the lower 
reducing zone^ it becomes rubj red and transparent. 

§ 121. 
e, Teroxide of Bismuth (BiOJ. 

1. Bismuth has a reddish tin-whitö color and moderate metallic 
lustre ; it is of medium hardness, brittle, readily fiisible ; fused upon a 
cbarcoal support it forms an incrustation of yellow teroxide. It dis- 
solves readily in nitric acid, but is nearly insoluble in hydrochloric acid 
and altogether so in dilute sulphuric acid. Concentrated sulphuric acid 
eonverts it into sulphate of teroxide of bismuth^ with evolution of sul- 
phurous acid. 

2. The TEROXIDE DP BISMUTH is a yellow powder, which tran- 
siently acquires a deeper tint when heated. It hises at a red beat. 
Hydrate of teroxide of bismuth is white. Both the teroxide and its 
hydrate dissolve readily in hydrochloric, sulphuric, and nitric acids. 
liie grajrish-black binoxide of bismuth and the red bismuthic 
ACID (Bi 0,) are converted into teroxide by ignition in the air. By 
heating with nitric acid they are converted into nitrate of teroxide of 
bismuth. 

8. The SALTS OF teroxide of bismuth are non-volatile ; most of 
them are decomposed at a red heat. Terchloride of bismuth is volatile. 
The salts of teroxide of bismuth are colorless or white ; some of them 
are soluble in water, others insoluble. The soluble salts in the neutral 
State redden litmus paper ; thev are decomposed by a large quantity of 
water into insoluble oasic safts, which separate, whilst the greater 
portion of the acid remains in Solution together with some teroxide of 
oismuth. 

4. Hydrosulphuric acid and sulphide of ammonixim produce in neutral 
and acid Solutions black precipitates of tersülphide of bismuth, 
which are insoluble in oilute acids, alkalies, alkaline sulphides, and 
Cyanide of potassium, but are readily decomposed and dissolved by 
boiling nitric acid. In Solutions of salts of bismuth which contain a 
very considerable excess of hydrochloric or nitric acid, hydrosulphuric 
acid produces a precipitate only after the addition of water. 

5. Potassa and ammmia throw down hydrate of teroxide op 
bismuth as a white precipitate, which is insoluble in an excess of the 
precipitant. 

6t Carbanate of soda and earhonate of ammonia throw down basic 

CARBONATE OF TEROXIDE OF BISMUTH (Bi 0,, C 0,), B» a white 

bulky precipitate, which is insoluble in excess of the precipitant, and 
in Cyanide of potassium. Warming assists the precipitation. 

7. Bichromate of potassa precipitates Chromate of teroxide of 
BISMUTH (Bi0^2CrO,) as a yellow powder. This substance differs 
irom Chromate of lead in being readily soluble in dilute nitric acid and 
insoluble in potassa. 

8. Düute sulphurie acid fails to precipitate moderately dilute Solutions 
of nitrate of teroxide of bismuth. On evaporating with an excess of 
sulphuric acid on the water-bath to dryness, a white saline mass is ieft, 
which always dissolves readily to a clear fluid in water acidified with 
sulphuric acid (oharacteristic di£brence between teroxide of bismuth 



5 122.1 • • OXIDE OF CADMIÜM. 107 

md oxide of lead). After long 8tandingf (several days occasionallj) 
Ittsic sulphate of teroxide of bismuth (Bi O,, S 0,, -f 2 aq.) separates 
from this solation in white microscopic needle-sliaped crystals, which 
diäsolTe in nitric acid. 

9. The reaction which characterizes the teroxide of bismuth more 
particularly is the decomposition of its neutral salts by water, which is 
ittended with Separation of insoluble basic salts. The addition of a 
large amount of water to Solutions of salts of bismuth causes the imme- 
diate formation of a dazzling white precipitate, provided there be not 
too mach free acid present. This reaction is the most sensitive with 
terchloride of bismuth, as the basic Chloride of bismuth fßiCl^ 
2 Bi 0^ is almost absolutely insoluble in water. Where water lails to 
precipitate nitric acid solutions of bismuth^ owing to the presence of too 
iDttch free acidy a precipitate will almost invariably make its appearance 
immediately upon addition of Solution of chloride of sodium or chloride 
€f ammonium. Presence of tartaric acid does not interfere with the 
pecipitation of bismuth by water. 

- 10. On mixing a Solution of bismuth with an excess of Solution of 
protochloride of tin in potassa or soda, a black precipitate of binoxide 
of bismuth will fall This is a very characteristic and delicate reaction. 

11 . If a mixture of a Compound of bismuth with carbonate of soda is 
exposed on a charcoal support to the reducing ßame^ brittle qlobules 
op BISMUTH are obtainea, which fly into pieces under the stroke of a 
hammer. The charcoal becomes covered at the same time with a slight 
incrostation of teroxide of bismuth, which is orange-colored whilst 
hot, yellow when cold. The reduction may be also conveniently effected 
in die stick of charcoal (p. 24). On triturating the end of the charcoal 
stick containing the reduced metal, yellowish spangles will be obtained. 

12. The metMic incrustation, obtained accordin^ to p. 25, is black 
with a brown edge. The incrustatitm of oxide is yellowish white ; it is 
tomed black by protochloride of tin and soda, see 10 (difference from 
the incrustation of oxide of lead). The incrustatxon of iodide is bluish 
brown with red edge. The inerustatUm of sulphide is umber-colored 
with coffee colored edge^ not dissolved by sulphide of ammonium 
(Bunsen). 

§ 122. 

d. Oxide of Cadmium (CdO). 

1. Metallic cadmium has a tin-white color; it is lustrous, not 
Tery hard^ malleable ; it fuses at a temperature below red heat, and 
volatilizes at a temperature somewhat above the boiling point of mer- 
cury, and may accordingly easily be sublimed in a glass tube. Heated 
on charcoal lefore the blowpipe it takes fire and bums, cmitting brown 
fumes of oxide of cadmium, which form a coating on the charcoal. 
Hrdrochloric acid and dilute sulphuric acid dissolve it, with evolution 
of hydrogen ; but nitric acid dissolyes it most readily. 

i, Oxide of cadmium is a brown, iixed powder; its hydrate is 
.white. Both the oxide and its hydrate dissolye readily in hydrochloric^ 
nitric, and sulphuric acids. 

9. The SALTS of oxide of cadmium are colorless or white ; some 
of them are soluble in water. The soluble salts in the neutral State 
nddm litmni-paper^ and are decomposed at a red heat 
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4. Eydrosulphurio ädd and sulphide qf amnumium produce in alkaline^ 
neutral, and acid Solutions, bricht yellow precipitates of sulphide of 
CADMiUM (CdS), which are insoluole in (ulute acids, alkalies, alkaline 
Bulphides, and Cyanide of potassium (difference from copper). Thej are 
readily decomposed and dissolved by boiling nitric acid, as well as bj 
boiling hydrochloric acid and by boiling dilute sulphuric acid (difference 
from copper). In soludons of salts of cadmium containing a large 
excess of acid, hydrosulpburic acid produces a precipitate only after 
dilution with water. 

5. Potussa and soda produce wbite precipitates of htdrate of 
OXIDE OF CADMIUM (Cd 0^ H 0), which are insoluble in an excess of 
the precipitants. 

6. Ämmonia likewise precipitates white htdrate of oxide of 
CADMIUM. which however redissolves readily and completely to a 
colorless nuid in an excess of the precipitant. 

?. Carbonate qf soda and oarhonate of amnumia produce white pre-* 
cipitates of carbonate of cadmium (Cd 0, C 0,), which are insoluble 
in an excess of the precipitants. The presence of salts of ammonia im- 
pedes the precipitation ; free ammonia prevents it. The precipitate is 
readily somble in Cyanide of potassium. It takes some time to separate 
from dilute Solutions ; warmmg assists the Separation greatly. 

8. Sulphocyanide qf potassium does not throw down Solutions of 
cadmium, even after Öie addition of sulphurous acid (difference from 
copper). 

9. If a mixture of a Compound of cadmium with carbonate qf soda is 
exposed on a charcoal support to the reducing ßame, the charcoal becomes 
covered with a brownish yellow coating of oxide of cadmium, owing 
to the instant volatilization of the reduced metal and its subsequent re- 
oxidation in passing through the oxidizing flame. The coating is seen 
most distinctly after cooling. 

10. The metallio incrustatum obtained according to p. 25 is black 
with brown edge. The incrustatum qf oxide is brownish black, the edge 
passing from brown to white. The incrustatian of iodide is white. The 
incrustation qf sulphide is lemon yellow, not dissolved by sulphide of 
ammonium (Bunsen.) 

§123. 

Becapitulation and remarks, — ^The perfect Separation of the metallio 
Oxides of the second division of the fifth group from suboxide of mercury 
and oxide of silver may, as already stated, be effected by means of hydro- 
chloric acid; but this agent fiedls to separate them completely from 
oxide of lead. Traces of salt of oxide of mercury, which are at nrst re- 
tained by the precipitated chloride of silver by surface attraction, are 
dissolved out completely by washing (G. J. Mulder). The oxide of 
mercury is distinguished from the other oxides of this division by the 
insolubility of the corresponding sulphide in boiling nitric acid. This 
property affi)rds a convenient means tor its Separation. Only care must 
always De taken to free the sulphides completely by washing from all 
traces of hydrochloric acid or a chloride that may happen to be present, 
before proceedinff to boil them with nitric acid. Moreover, the reac- 
tions with protocnloride of tin or with metallic copper, as well as those 
in the dry way, will, after the previous removal of the suboxide, always 
readily indicate the presence of oxide of mercury. When the meist 
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vay is chosen, the salphide of mercarj is dissolved most convenientlj 
Ifj heating it with hydrochloric acid and a small crystal of chlorate of 
potassa. 

From the still remaining oxides the oxide of lead is separated bj 
additioii of sulphuric acid. The Separation is the most complete if the 
imdy after adcution of dilute sulphuric acid in excess, is evaporated on 
the water-bath, the residue diluted with water, slightlj acidified with 
sulphuric acid, and the undissolved sulphate of lead filtered off imme- 
diatelj. The sulphate of lead may be further examined in the dry way 
by the reaction described in § 117, 10, or also as foUows : — Pour over 
a small portion of the sulphate of lead a little of a Solution of Chromate 
of potasaay and apply heat, which will convertthe white precipitate into 
yeuow Chromate of lead. Wash this, add a little Solution of potassa or 
loda, and heat ; the precipitate will now dissolve to a clear fluid ; by 
•cidifying this fluid with acetic acid, a yellow precipitate of Chromate of 
leid will again be produced. After the removal of tue oxides of mercury 
and lead, ue teroxide of bismuth may be separated from oxide of copper 
and oxide of cadmium by addition of ammonia in excess, as the latter 
two oxides are soluble in an excess of this agent. If the precipitate, 
after being filtered off, is dissolved in one or twö drops of hydrochloric 
acid on a watchglass, and water added, the appearance of a milky tur- 
bidity is a confirmation of the presence of bismuth. — The presence of a 
notable quantity of oxide of copper is revealed by the blue color of the 
ammoniacal Solution ; smaller quantities are detected by eyaporating 
the ammoniacal Solution nearly to dryness, adding a little acetic acid, 
and then ferrocyanide of potassium. The Separation of oxide of copper 
from oxide of cadmium may be effected by eyaporating the ammoniacal 
lolution to a small bulk, acidifying with hydrochloric acid, adding a 
Uttle sulphurous acid and sulphocyanide of potassium, flltering off the 
subsulphocyanide of copper, and precipitating the cadmium in the 
filtrate by hydrosulphunc acid (an unnecessarily large excess of sul- 
phurous acid. must pf course be avoided.) The Separation of oxide of 
eopper from oxide of cadmium may also be effected by acting on the 
sniphides with Cyanide of potassium or with boiling dilute sulphuric 
acid (5 parts of water to 1 part of concentrated acid.) In the two latter 
methods the Solution of the copper and cadmium is precipitated by hydro- 
sulphunc acid, and the precipitate separated from the fluid by decantation 
or nltration. On treatmg tue precipitate now with some water and a 
small lump of Cyanide of potassium, the sulphide of copper will dissolve, 
leavin^ the yellow sulphide of cadmium undissolved. By boiling the 
precipitate of the mixed sulphides^ on the other band, with dilute sul- 
phuric acid, the sulphide of copper remains nndissolved, whilst the 
sulphide of cadmium is obtained in Solution. Hydrosulphuric acid will 
therefore now throw down from the filtrate yellow sulphide of cadmium 
(A. W. Hofmann). 

Special Seaaioni of the rarer Oxide» of theßfth group, 

§124. 

o. Pbotoxidi or Palladium (PdO). 

Pallamüii is ftmnd in the metallio stata^ oocasionally alloyed with ^1d and nlver, 
bal moro partieiikurlj in pUUnnm oret. It greatly retemblaB platinum, but ia some« 
wfaaldMkMrinoolor. It Aimb with great difflculty. Heated in the air to duU redneia 
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it becomes covered with a blue film : but it recovers its light color and metallic luRtre 
upon more intense ignition. It u sparingly soloble in pure nitric acid, but dissolves 
6umewhat more readily in nitric acid containing nitrous acid ; it dissolves very sparingly 
in boiling concentrated sulpburic acid, but it is soluble in fusing bisulpliate of potassa, 
änd readily soluble in nitrohydrochloric acid. There are three oxides, the suboxide 
<Fd,0), the protoxide, and the binoxide. Pbotoxidb of falladidm is black, its 
hydrate dark-brown ; both are by intense ignition resolved into oxygen and metallic 
palladium. Binoxide of Palladium is black ; by heating with dilute hydrochloric 
acid it is dissolved to protochloride, with evolution of cblorine. The salts or 
PBOTOXIDB OP PALLADIUM are mostly soluble in water ; tbey are brown or reddish- 
brown ; their concentrated Solutions are reddish-brown, their dilute Solutions yellow. 
Water preoipitates from a Solution of nitrate of protoxide of palladium containing a 
siight excess of acid a brown basic salt. The oxygen salts, na well as the protochloride, 
are decoroposed by ignition, leaving metallic palladium bebind. ffydronJphuric acid 
and sulphide of ammonium throw down from acid or neutral Solutions black proto- 
sulphide of palladium, which does not dissolve in sulphide of ammonium, but is soluble 
in boiling hydrochloric acid, and readily soluble in nitrohydrochloric acid. From the 
«olution of the protochloride j>otoMa preoipitates a brown basic salt, soluble in an excess 
of the precipitant ; ammonia flesh-colored ammonio-protochloride of palladium (Pd Ci, 
K Hg) soluble in excess of ammonia to a colorless fluid, from which hydrochloric acid 
throws down yellow crystalline chloride of palladium-ammonium (K Pd H„ Cl). 
Cyanide of mereury throws down yellowish-white protocyanide of palladium as a gela- 
tinous precipitate, slightly soluble in hydrochloric acid, readily soluble in ammonia 
(eftpecially characteristic). Protochloride of tin produces, in abeence of free hydi^>- 
chloric acid, a brownish-black precipitate ; in presence of free hydrochloric acid, a red- 
eolored Solution, which speedily tums brown and ultimately green, und upon addition 
pf water brownish-red. Sulphate of protoxide of iron produces a deposit of palladium 
on the sides of the glass. lodide ofpotamum preoipitates black protiodide of palladium 
(vexy characteristic). Chloride of potatnum precipitates from highly concentrated 
Solutions potassio-protochloride of palladium (K Cl, Pd Cl), in the form of golden-yellow 
Deedles, whioh dissolve readily in water to a dark-red fluid, but are insoluble in absolute 
alcohol. Nitrite of poUuaa produces in not too dilute Solutions a yellowish, crystalline 
precipitate which becomes reddish on long standing and is soluble in much water. 
StUphocyanide of potoMiutn does not precipitate palladium, even afber the addition of 
sulphurous acid (differenoe from copper, and best means of separating from the same). 
Od treatment with carbonate of soda in the upper oxidizing flame (p. 28) all the Com- 
pounds of palladium yieid a gray metaUio spoDge. 

6. Sesqüioxidb dp Bhodiüm (Ito,0,). 

Khodiüm is found in small quantity in platinum eres. Tt is almoet silver white, 
very malleable, and difficultly fusible. When prepared in the wet way it is a gmy 
powder. The powder when ignited in the air abeorbs oxygen, which it gives up again 
apon stronger ignition. Rhodium is insoluble in all acids ; it dissolves in aqua regia 
only when alloyed with platinum, copper, &a, and not when alloyed with gold or 
silver. Fusing metaphosphorio acid and fusing bisulphate of potassa dissolve it, 
forming a salt of the sesquioxide. There are four oxidee : the protoxide, sesquioxide 
(base of the salts), binoxide, and tetroxide (a weak acid). The sesqüioxidb is gray, 
it forms a yellow and a brownish-black hydrate ; it is insoluble Id adds^ but dissolves 
iD fusing metaphosphoric acid and in fusing bisalphate of potassa. The solationi are 
rose-colored. Sulphwetted hydrogen and tulphide of ammoniwn precipitate in time, 
especially when assisted by heat, a brown sulphide, whiih is insoluble in sulphide of 
ammonium, but dissolves in boiling nitric acid. PotoMa, if added in not too large 
excess, throws down at onoe yellow BogO,, 5 H O, which is soluble in excess of the 
precipitant at the ordinary temperature; on boiling the Solution, blaokish-brown 
KogOg, 3 H O is precipitated. In a Solution of the sesquichloride, potassa at first pro- 
duces no precipitate, but, on addition of alcohol, black RogO,, 3 H separates 
soon (Claus). Ammonia produces after some time a yellow precipitate, soluble in 
hydrochloric acid. Zinc preoipitates black metallic rhodium. On heating with nitrite 
ufpotattOj the sesquichloride of rhodium becomes yellow, aod aD oraDge-yellow preci- 
pitate is formed, which is slightly soluUe in water, but readily soluble iD hydrochluric 
acid ; at the same time another portion of the rhodium is converted iDto a yellow salt, 
whidi remains in solutioD aDd is precipitated by alcohol (OiBBS). All solid oom- 
pouDds of rhodium, od igDitioD in kydntgen^ or od igDitiioD od a (äatiDam wire with 
«srboDate of soda Id the opper ozidisiDg flame, yield the metal, whioh is well ehanMS- 
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firaed bj ita intoIabUity in aqoA regU, ito solubility in futing bitulphate of potana» 
«id the bahaTiour of iU lolution to potjum luid alcohoL 

e. OxiDu or Osmiux. 

OBXiüir is foimd in platinnm orat at a native alloy of otmium and iridium. It is 
HDcrally obtained as a blaok powder, or gray and with metallic lustre ; it is infoaible. 
TbemeUl, the pbotoxidi (OsO), and the BUioxioi oxidixe readily when heated to. 
radnan in the Mir, and givo 08M10 acid (OiO«), wbich ToUtilizes and makes ita 
pfw en ee speedily known by ita pecuUar exoeedingly irritating and oflfensive smell, 
memblii^ tbat of dilorine and iodine (highly obanujteriatic). If a little oeniiam on a 
ibrip of platinnzn foil ia bald in the outer mantle of a gaa or alcohol ßame, at half 
hagfat, the flame beeomea moat strikingly lununous. Even mioute traoea of oamiam 
■ay by thia re«otion be detected in alloys of iridium and oamium ; but the reaction ia 
ia tbat caae only momentary ; it may however be reproduced by holding the aample 
int in the redocing flame, then agaiu in the ooter mantle. Nitric acidy more partioo- 
hriy red foming nitric acid, and aqua regia disaolve oamium to osmic acid. Application 
€f hast promotea the aolution, which ia however attended in that case with volatiliza- 
tiim of oanaie acid. Very intenaely ignited onmium ia insoluble in acids. It ia fuHod 
with nitrate of potaaia, and the fused mnaa distilied with nitric acid ; the osmic acid ia 
ÜMUid in the diatillate. By heating oamium in dry chlorine free from air, tirst bluish- 
blaek pbotocblobidi ia formed, but alwayii only in sraall quantity, then the more 
volatile and red biohlobidx ; if moist chlorine is used, a green raixture of both chloridea 
ii fonned. T^e protochloride disaolvea with a blue color, the biohlorlde with a yellow 
eolor, and both togeiher with a green color, which tums red. The Solutions are soon 
dsoompoaed, osmic acid, hydrochloric acid, and a mixture of protoxide and binoxide, 
being fonned, the mized oxidea scparating as a black pnwder. On heating a mixture 
of powder of oamium, or of sulphide of osmium, and Chloride of potassium, in chlorine, 
adonble aalt of biohlobidx or obmium and chlobidb or potassiom is pr<»duced in 
the form of octabedra, which are slightly soluble in water and insoluble in alcohol. 
The aolotion of this double salt is more permanent tban that of the biohloride. 
Polaasa decolorizes the Solution ; on boiling bluish-black, bydrated binoxide of osmiuni 
separatem. On fusing the double chloride with carbonate of soda, dark gray binoxidb 
or OBMIU3C aeparatea. The aiihydruu'« osmic acid has no effecb on litmua, and cannot 
form aalta. It is white^ crystaiiine, fusible at a gentle beat, and boils at about 100** ; 
the fnmea attaok the nose and eyes powerfuUy. Heated with water, it fuses and 
diasolrea, but alowly. The Solution has an irritating, unpleasant sroell. Älkalies 
eolor the Solution yälow in consequence of Ute formation of osmite of potasi» (K O, 
Os Oy> ; on distilling, the greater part of the osmic acid passes over (very characteristic), 
the remainder splits into oxygen and osmious acid, or on boiling into onmic acid, 
binoxide of OHmiuro, and potasna. Osmic acid decolorizes indigo toltUion^ separates 
iodine from iodide of potassium^ converts alcohol into aldehyde and acetic acid. 
Nitrite of pokuta readily reduces it to osmite of potassa. ffydrotulphuric acid preci- 
pitatea brownish*black sulphide, which only separates when a streng acid is present ; 
the precipitate ia insoluble in sulphide of ammonium. Sulphite of soda priniuces a 
deep vjolet ooloration, and dark -blue sulphite of protoxide of oamium gradually sepa- 
ratea, eapecially on evaporating or warmiof? with sulphate or carbonate of noda. Sui- 
pkate of iron (Mroduees a black precipitate of binoxide. Protochloride of tin produces 
a brown precipitate, soluble in hydrochloric acid to a brown fluid. Zinc and many 
metals in the presence of a strong acid precipitate metallic osmium. All the Com- 
pounds of oamiam yield the metal on iguition in a current of hydrogtn, 

d. Oxides or Ruthkniux. 

RuTBXSlüM ia fonnd in amall quantity in platinum ores. It ia a grayish- white 
britüe and very difficnlUy fusible nietal. It is barely acted upon by aqua regia; 
foaing bisalphate of potassa falls altogether to afifect it. By ignition in the air it is 
oonverted into bluiah-black sesquioxide insoluble in aoids ; by ignition with chloride of 
potaaainm in a cnrrent of chlorine gas into potassio-sesquichloride of ruthenium ; by 
fnaion with nitrate of potassa, with hydrate uf potassa, or with chlorate of potassa» 
into mthenate of potassa (K O, Ru O,). The fused mass obtained in the latter case 
ia greeniah-black, and disaolvea to an orange-colored fluid, which tingea the skin black, 
60m Separation of black oxide. Acids throw down from the Solution black bksquioxioe» 
which disaolvea in hydrochloric acid to an orange-yellow floid. Thia Solution is resolved 
bj heat into hydrochloric acid and browniah-black sesquioxide. In a concentrated 
■täte it givM with diknide of potaaainm and chloride of ammonium orystalline glossy- 
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Tiolet preoipiUteii, whioh on boiling with water deponit bUtok oxyprotochloride. 
Potaua preoipitates bUok hydnle of sesquioxide of ruthenium, which u insoluble in 
alkaliesy but dissolvet in aoids. Hydrotulphuric aeid gat causes at firat do alteration ; 
bat after some time the fluid acquires an azure-blue tint, aod deposits brown sulphide 
of ruthenium (very charaoteriitic). Sulphide of ammonium produces brown iah- black 
preoipitatei, barely Boluble in an exoesB of the preeipitant. Sulphocyanide ofpotauium 
prodaoes — in the abeence of other metala of the pUtinum eres — after some time a red 
ooloration, which gradoally ohangee to parplered, and upon heating to a fine violet 
tint (very charaoteristic). Zine produoes at fint an aiure-blue coloration, which sob- 
■eqaently disappean, ruthenium being deposited at the same time in the metallic 
ttate. Nitrite of poiaata colors the Solution yellow, with the formation of a double 
■alt, whioh is retdily soluble in water and aloohoL The alkaline Solution of thts 
donble salt, when mixed with a little oolorless sulphide of ammonium, tums crinison 
(characteristic) ; on the addition of more sulphide ofammonium, sulphide of ruthenium 
is predpitated. 

§ 12Ö. 
SIXTH GROUP. 

More common oxides : — ^Teroxide op Gold, Binoxide of Pla- 

TINUM, PrOTOXIDE OF TiN, BlNOXIDE OF TiN, TeROXIDE OF AnTI- 
MONY, ArSENIOUS AcID AND ArSENIC AcID. 

Rarer oxides : — Oxides of Iridium, Moltbdenum, Tunosten, 
Tellurium, Selenium. 

The higher oxides of the elements belon^ng to the sixth p^ronp are 
all of them more or less stronglj pronouncea acids. But we class them 
here with the bases, as they cannot well be separated from the lower 
degrees of oxidation of the same elements, to which thej are very 
closely allied in their reactions with hydrosulphuric acid. 

Properties of the group, — ^The sulphides corresponding to the oxides 
of the sixth group are insoluble in oilute acids. These combine with 
alkaline sulpnides (either immediately, or with the aid of sulphur) to 
soluble sulphur salts, in which they taJce the part of the acid. Hydro- 
sulphuric acid precipitates these oxides therefore, like those of the fifth 
S'oup, completely from acidüied Solutions. The precipitated sulphides 
ffer however from those of the fifth group in this, that they dissolve 
in sulphide of ammonium, sulphide of potassium, <fec., and are repreci- 
pitated from these Solutions by addition of acids. 

We*divide the more conunon oxides of this group into two classes, 
and distinguish, 

1. Oxides whose corresponding sulphides are insoluble 
IN HYDROCHLORic ACID AND IN NiTRic ACID, and are reduced to 
the metallic State upon fusion with nitrate and carbonate of soda : yiz., 
Teroxide of GOLD and binoxide of platinum. 

2. Oxides whose corresponding sulphides are soluble in 
boiling HYDROCHLORIC ACID OR NITRIC ACID, and are upon ^sion 
with nitrate and carbonate of soda converted into oxides or acids : viz., 
Teroxide of antimony, protoxide and binoxide of tin, arse- 
Nious and arsenic acids. 
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FIRST DIVISION. 

Special Beaetians, 

§ 126. 

«. Tbroxide OF Gold (Au 0,). 

1. Metallic GOLD has a reddish-yellow color and a high metallic 
hstre : it is rather soft, exceedingly malleable, difficultly fusible : it 
does not oxidize upon ignition in the air, and is insoluble in hjdro- 
ehloric, nitric, and sulphuric aci(k[ ; but it dissolves in fluids containing 
or eTolvin^ chlorine, e,ff,, in nitronydrochloric acid. The Solution con- 
tains tercmoride of gold. 

3. Teroxide of oold is a blackish-brown, its hydrate a chest- 
BQt brown powder. Both are reduced by light and heat, and dissolve 
readily in hydrochloric acid, bat not in dilute oxygen acids. Concen- 
trated nitric and sulphuric acids dissolve a little teroxide of gold; 
water reprecipitates it from these Solutions. Protoxide of oold 
(AaO) is violet-black ; it is decomposed by heat into gold and 
Oxyden. 

" ö. OxYOEN 8ALTS of gold are practically unknown. The haloid 
SALTS are yellow, and their Solutions continue to exhibit tliis color up 
to a high degree of dilution. The whole of them are readily decom- 
poaed by ignition. Neutral Solution of terchloride of gold reddens 
litmus-paper. 

4. Hydrosulphurie aeid precipitates from neutral or acid Solutions 
the whole of the metal, from rold Solutions as tersulphide of 
OOLD, from boiling Solutions as protosulphide of qold (AuS). 
The precipitates are insoluble in hydrochloric and in nitric acid, but 
soluble in nitrohydrochloric acid. Thev are insoluble in colorless 
sulphide of ammonium, but soluble in vellow sulphide of ammonium, 
and more readily still in yellow sulpliide of sodium or sulphide of 
potassiam. 

5. SulpMde of ammonium precipitates brownish-black tersulphide 
of oold, which redissolves m an excess of the precipitant only if the 
latter contains an excess of sulphur. 

6. Ammmia produces^ though only in concentrated Solutions of gold, 
reddish-yellow precipitates oifvlminatiruf gold. The more acid the Solu- 
tion and the greater the excess of ammonia added, the more gold remains 
in Solution. 

7. Protoehloride of tin containing an admixture of bichloride (which 
may be easily prepared by mixing Solution of protoehloride of tin with 
a little chlorine-water), produces even in extremely dilute solutions of 
eoldy a purple-red precipitate (or coloration at least), which sometimes 
mclines ratuer to violet or to brownish-red. This precipitate, which has 
received the name of purple of cassius, is insoluble in hydrochloric 
acid. It is assumed to be a hydrated Compound of binoxide of tin and 

Srotoxide of gold with protoxide and binoxide of tin (Au 0, Sn 0, 4- 
nO,SnO, + 4HO). 

8. Solu af protoxide ofiron reduce the terchloride of gold in its Solu- 
tions, and precipitate metallic gold in form of a most minutely 
divided brown powder. The fluid in which the precipitate is suspended 
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appears of a blackish-blue color by transmitted light. The dried pre- 
cipitate sliows metallic lustre when pressed with the blade of a knife. 

9. Nitrite qfpotassa produces a precipitate of metallic gold. In very 
dilute Solutions the fluid at iirst onlj appears colored blue^ but in time 
the whole of the gold separates. 

10. Potassa or soda added in excess to terchloride of gold leavesthe 
fluid clear^ but upon addition of tannio aeid metaUic gold separates. 
Warming assists tne precipitation. 

11. All Compounds ot gold are reduced in the stick of chareoal 
(p. 24). By triturating the chareoal afterwards, spangles of metal 
will be obtained, which are insoluble in nitric acid^ but readily soluble 
in aqua regia. ^ 

§ 127. 

b. BlNOXIDE OF PlATINÜM (Pt OJ. 

1. Metallic platinum has a light steel-ffray color ; it is very 
lustrous, moderately hard, very difl&cultly fusible ; it does not oxidize 
upon ip^ition in the air, and is insoluble in hydrochloric, nitric, and 
sulphuric acids. It dissolves in nitrohydrochloric acid, especially upon 
heating. The Solution contains bichloride of platinum. 

2. BlNOXIDE OF PLATINUM is a blackish-brown, its hydrate a 
reddish-brown powder. Both are reduced by heat ; they are both 
readily soluble m hydrochloric acid, and diificultly soluble in oxygen 
acids. The protoxide of platinum (PtO) is black, its hydrate 
brown; they are both by ignition reduced to the metallic State. 

8. The SALTS OF binoxide of platinum are decomposed at a red 
heat. They are yellow. Bichloride of platinum is reddish-brown, 
its Solution reddish-yellow, which tint it retains up to a high degree of 
dilution. The Solution reddens litmus-paper. Exposure to a very low 
red heat converts bichloride of platinum to protocnloride (Pt Cl) ; ap- 
plication of a strenger red heat reduces it to the metallic State. Solu- 
tion of bichloride of platinum containing protochloride has a deep brown 
color. 

4. Hydrosulphurio acid throws down from acid and neutral Solutions, 
but always only after the lapse of some time, a blackish-brown precipi- 
tate of BisuLPHiDE oF PLATINUM. If the solutiou is heated after tne 
addition of the hydrosulphurio acid the precipitate forms immediately. 
It dissolves in a great excess of alkaline sulphides, more particularly of 
the higher desrees of sulphuration. Bisulphide of platinum is insoluble 
in hydrochloric acid and in nitric acid ; but it dissolves in nitrohydro- 
chloric acid. 

5. Sulphide qf ammmium produces the same precipitate ; this redis- 
solves completely, though slowly and with difficulty, in a large excess 
of the precipitant if the latter contains an excess of sulphur. Acids re- 
precipitate the bisulphide of platinum unaltered from the reddish-brown 
Solution. 

6. Chloride qfpotassium and ehloride qfammanium (and accordingly of 
course also potassa and ammonia in presence of hydrochloric acid) pro- 
duce in not toö highly dilute Solutions of bichloride of platinum yellow 
crystalline precipitates of potassio- and ammonio-bichloride of 
PLATINUM, which are as insoluble in acids as in water, but are dissolved 
by heating with Solution of potassa. From dilute Solutions these precipi- 
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tates are obtained by evaporating the fluid mized with the precipitants 
on the water-bathy and treating' the residue with a little water or with 
dilute spirit of wine. Upon ignition ammonio-bichloride of platinum 
leaves spongj platinum behind; potassio-bichloride leaves platinum 
and Chloride of potassium. The decomposition of the latter Compound 
ia complete only if the ignition is effected in a current of hydrogen gas 
or with addition of some oxalic acid. 

7. ProtoMoride of tin imparts to Solutions containing much free 
hydrocbloric acid an intensely dark brownish-red color, owing to a 
rednction of the bichloride of platinum to protochloride. But the reagent 
produces no precipitate in such Solutions. 

8. SulphiUe ofprotaxide of iron does not precipitate Solution of bichlo- 
ride of platinum, except upon very long-contmued boiling, in which 
case the platinum ultimately sufFers reduction. 

0. On igniting a Compound of platinum mixed with carbonate of soda> 
on die loop of a platinum wire in the upper oxidizing ßame^ a gray 
spongy mas8 is obtained, which on trituration in an agate mortar yielcfs 
fiilvery spangles^ insoluble in hydrocbloric and nitric acid^ but soluble 
in aquar^ia. 

§ 128. 

Rea^fritulaiUm and remarks. — ^The reactions of gold and platinum 
enable us, at least partially, to detect those two metals in the preseuce 
of many other oxiaes, and more particularly where platinum and gold 
are present in the same Solution. In the latter case the Solution is most 
conveniently evaporated to dryness at a gentle heat with chloride of 
ammonium, and the residue treated with ailute spirit of wine, in order 
to obtain the gold in Solution and the platinum in the residue. The 
precipitate wiU thus give platinum by ignition, and the gold may hh 
precipitated from the Solution by sulphate of protoxide of iron^ after 
remoTing the spirit of wine by evaporaüon. 



8EC0ND DIVISION. 
Special Reactions, 

§ 129. 

a. Protoxide op Tin (SnO). 

l«f Tin has a light grayish-white color and a high metallic lustre ; it 
is soft and malleable : when bent it produces a crackling sound. Heatod 
in the air it absorbs oxygen and is converted into grayish-white 
binoxide ; heated on charcoal before the blowpipe it forms a white incrus- 
tation. Concentrated hydrocbloric acid dissolves tin to protochloride, 
with evolotion of hydrogen gas ; nitrohydrochloric acid dissolves it, ac- 
cording to circumstances^ to bichloride or to a mixture of proto- and 
bichloride. Tin dissolves with difficulty in dilute sulphuric acid ; concen- 
trated salphuric acid converts it, with the aid of heat, into sulphate 
o[ binoxide ; moderately concentrated nitric acid oxidizes it readily, 
particularly with the aid of heat ; the white binoxide formed (hydrate 
of metastannic add^ Sn 0^ 2 H 0) does not1redissol?e in an excess of the 
add. 

I. L 
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2. Protoxtde of TIN is a black or rrayish-black powder; its 
hydrate is white. Protoxide of tin is redueea by fiision with Cyanide of 
potassium. It is readily soluble in hydrochloric acid. Nitric acid 
converts it into hydrate of metastannic acid^ which is insoluble in an 
excess of the acid. 

3. The 8ALT8 OF PROTOXIDE OF TIN arc colorless; they are de- 
composed by heat. The soluble salts, in the neutral State, redden litmus- 
paper. The salts of protoxide of tin rapidly absorb oxygen from the 
air, and are partially or entirely converted into salts of binoxide. Proto- 
chloride of tin, no matter whether in crystals or in Solution, also absorbs 
oxyffen from the air, which leads to the formation of insoluble oxy-pro- 
tochloride of tin and bichloride of tin. Hence a Solution of protochloride 
of tin becomes speedily turbid if the bottle is often openea and there is 
only little free acid present ; and hence it is only quite recently pre- 
pared protochloride of tin which will completely dissolve in water free 
from aw, whilst crystals of protochloride of tin that have been kept for 
any time will dissolve to a clear fluid only in water containing hydro- 
chloric acid. 

4. Hydrosulphurie acid throws down from neutral and acid Solutions 
a dark brown precipitate of hydrated protosulphide of tin (SnS). 
This reagent does not precipitate alkaline Solutions, or at least not com- 
pletely. The precipitation may be prevented by the presence of a very 
large quantity of iree hydrochloric acid. The precipitate is insoluble, 
or nearly so, m protosulphide of ammonium, but dissolves readily in the 
higher yellow sulphide. Acids precipitate from this Solution yellow 
bisulphide of tin, mixed with sulphur. Protosulphide of tin dissolves 
also m Solution of soda and potassa. Acids precipitate from these Solu- 
tions brown protosulphide. Boiling hydrochloric acid dissolves it, with 
evolution of nydrosulphuric acid j boiling nitric acid converts it into 
insoluble hydrate of metastannic acid. 

5. Sulphide of ammonium ^TodxLC^^ the same precipitate of hydrated 

protosulphide of TIN. 

6. Potassa, soda, ammonia, and earbonates qfthe alkalies produce a white 
bulky precipitate of hydrate of protoxide of tin (SnO, HO), 
whicn redissolves readily in an excess of potassa or soda, but is insoluble 
in an excess of the other precipitants. If the Solution of hydrate of 
protoxide of tin in potassa is bnskly evaporated a Compound of binoxide 
of tin and potassa is formed, which remains in Solution, whilst metallic 
tin precipitates ; but upon evaporating slowly crystfdline anhydrous 
protoxide of tin separates. 

?. Terehloride of gold produces in Solutions of protochloride of tin and 
in Solutions of salts of protoxide of tin mixed with hydrochloric acid a 
precipitate which varies in color between brown, reddish brown, and 
purple-red, according to the presence of more or less bichloride of tin 
and the State of concentration (compare § 126, ?). In very dilnte Solu- 
tions a more or less brown or red coloration merely is produced. 

8. Solution of chiaride of mercury, added in excess, to Solutions of 

Srotochloride or of protoxide of tin mixed with hydrochloric acid, pro- 
uces a white precipitate of subchloride op mercury, owing to 
the protosalt of tm withdrawing from the chloride of mercury half of its 
chlorine. 

. 9. If a fluid containing protoxide or protochloride of tin and hydro- 
ohloiic add is added to a mixture otferricyamde qfpotauhm and ses^gm- ' 
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M ori d e qf trau a precipitate of Prussian blue separates immediately, 
owinr to the reauctioii of the ferricyanide (Fe, Cfdy) to ferrocvanicie 
(Pe.Cfy,). Pe.Cfy,* ^ 2 H Cl + 2 Sn Cl = Fe.Cfy, + H,Cfy + 2 Sn Cl,. 
This reaction is extremely delicate, but it can l>e held to be decisive 
onlj in casea where no other reducing agent is present. 

10. ISne precipitates from Solutions mixed with hydrochloric acid 
MBTALLIG TIN in the form of gray laminse or of a spongy mass. If 
the ezperiment is made in a phitinum capsule, the latter is not colored 
black. 

11. If Compounds of protoxide of tin, mixed with carbanate qf soda 
and Bome borax, or better still, with a mixture of equal parts of car- 
hmuUe^soda and Cyanide qfpotassium, are exposed on a charcoal support 
to the «fuia^ Meni^p^ ^am« malleable grains of metallic tin are ob- 
tuned. The best way of making quite sure of the real nature of these 
graiuB is to triturate them and the surrounding parts of charcoal with 
water in a small mortar, pressing heavily upon the mass ; then to wash 
the charcoal off from the metallic particies. Upon strongly heating the 
grains of metallic tin on a charcoal support the latter becomes covered 
with a coating of white binoxide. The stick of charcoal (p. 24:) is also 
idmirabhr adapted for the reduction of tin. 

13. u to a borax bead colored slightly blue by copper a trace of a 
Compound of tin is added and the beaa is heated in the lower reducing 
JUme of the gas lamp (p. 23), it will become reddinh-brown to ruby-red 
in consequence of the reduction of Ihe oxide of copi>er to suboxide 
(compare § 120, 14). A Compound of tin is essential to this reaction. 

§ 130. 
h. Binoxide of Tin (SnO,). 

1. Binoxide of tin is a powder varying in color from white to 
straw-yellow, and which upon neating transiently assumes a brown tint. 
It forms two different series of Compounds with ucids, bases, and water. 
The hydrate precipitated by alkalies from Solution of bichloride of tin 
dissolyes readily in hydrocnloric acid ; whilst that formed by the action 
of nitric acid upon tin — hydrate of metastannic acid — remains undis- 
solyed. But if it is boiled for some time with hydrochloric acid it takes 
up acid ; if the excess of the acid is then poured oif, and water added, a 
clear Solution is obtained. The aqueous Solution of the common bichlo- 
ride of tin is not precipitated by concentrated hydrochloric acid, whilst 
that acid produces in the aqueous Solution of the metastannic chloride a 
white precipitate of the latter Compound. The Solution of the common 
bichloride of tin is not colored yellow by addition of protochloride of 
tin, as is the case in a remarkable degree if the Solution contains meta- 
stannic chloride (Löwenthal). The dilute Solutions of both chlorides 
of tin give upon boiling precipitates of the hydrates corresponding to 
the chlorides. 

2. The SALTS OF binoxide of TIN are colorless. The soluble 
salts are decomposed at a red heat ; in the neutral State they redden 
litmns-paper. Bichloride of tin is a yolatile liquid, strongly uuning in 
theair. 

3. Eyirosidplimiö aeid throws down from all acid and neutral solu- 

• 2F«^Cfly-Fe^Ciy4rforCfdy = C„N.r«, = 2CfT. 

L 2 
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tions, particularly upon heating, a white flocculent precipitate if the 
Solution of the hinozide is in excess ; a dull yellow precipitate if the 
hydrosulphuric acid is in excess. The former may safely oe assumed, 
in the case of a Solution of bichloride of tin, to consist of a mixture of 
bichloride and bisulphide of tin (it has not however as yet been ana- 
lysed) ; the latter consists of hydrated bisulphide of tin. Alkaline 
Solutions are not precipitated by hydrosulphuric acid. Presence of a 
very larffe quantity or hydrochlonc acid may prevent precipitation. 
The bisulphide of tin dissolves readily in potassa or soda, alkaline sul- 
phides, and concentrated boiling hydrochloric acid, as also in aqua regia. 
It dissolves with some difficulty in ammonia, is nearly insoluble in car- 
bonate of ammonia, and insoluble in bisulphite of potassa. Concentrated 
nitric acid converts it into insoluble hydrate of metastannic acid. Upon 
deflugrating bisulphide of tin with nitrate and carbonate of soda sul- 
phate of soda and binoxide of tin are obtained. If a Solution of bisul- 
phide of tin in potassa is boiled with teroxide of bismuth tersulphide of 
oismuth and binoxide of tin are formed, which latter substance remains 
dissolved in the potassa. 

4. Sulphide of ammanium produces the same precipitate of hydrated 
BISULPHIDE OF TIN ; the precipitate redissolves readily in an excess of 
the precipitant. From this Solution acids reprecipitate the bisulphide 
of tin unaltered. 

5. Potassa j soda, andamm^mta, carbonate ofsoda and carbonate qf ammo- 
nia produce white precipitates which, according to the nature of the 
Solutions, consist of hydrate of binoxide of tin, or of hydrate of meta- 
stannic acid. The former readily dissolves in a slight excess of potassa, 
slightly in a large excess ; on the other band it dissolves only after con- 
sioerable dilution in a slight excess of soda, and on addition of more 
soda almost all the binoxide separates again. The latter is hardly 
soluble in excess of potassa or soaa. 

6. Sulphate of soda or nitrate ofammonia (in fact, most neutral salts 
of the alkalies), when added in excess, throw down from Solutions of 
both modifications of binoxide of tin, provided they are not too acid, the 
whole of the tinas hydrated binoxide or hydrated metastannic 
ACID. Heating promotes the precipitation : Sn CL + 4 (Na 0, S OJ 
^4HO = SnO„21IO + 2NaCU2(NaO,HO,2SO,). 

?. MetaUic zinc precipitates from Solutions of bichloride of tin, in the 
presence of free acid, metallic tin in the shape of small gray scales, 
or as a spongy mass. If the Operation is conducted in a platinum dish, 
no blackening of the latter is observed (difference between tin and 
antimony). 

8. Tne Compounds of the binoxide of tin show the same reactions 
before the blowpipe or in the gas flame as those of the protoxide. 
Binoxide of tin is also readily reduced when fused with Cyanide of potas- 
sium in a glass tube or in a crucible. 

§13L 

e. Teroxide of Antimony (SbOJ. 

1. Metallic antimony has a bluish tin-white cdlor and is lustrous; 
it is hard, britde, readily fusible, volatile at a very high temperature. 
Wien heated on charcoal before the -blowpipe it enuts tiiick white 
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fomes of teroxide of antimonj, which form a coatinfr on the charcoal ; 
this combustioii condnues for some time even after the removal of the 
metal from the flame ; it is the most distinctly visible if a current of 
air is directed with the blowpipe directly upon the sample on the char- 
coal. But if the sample on the support is Kept steady, that the fumes 
mar ascend strais'ht, tne metallic bead becomes surrounded with a net 
of brilliant acicular crystals of teroxide of antimony. Nitric acid ozidizes 
antimony readily : the dilute acid converts it almost entirely into ter- 
oxide, the more concentrated the acid the more antimonic acid is formed, 
boiling concentrated acid converts it almost completely into antimonic 
acid. Seither of the two oxides is altogether insoluble in nitric acid ; 
traces of antimony are therefore always round in the acid fluid filtered 
from the precipitate. Hydrochloric acid, even boiling, does not attack 
antimony. In nitrohydrochloric acid the metal dissolves readily. The 
Solution contains terchloride or pentachlorido according* to the degree of 
ooncentration of the acif] and the duration of the action. 

3. According to the different modes of its preparation, teroxide of 
AHTiMoxT occurs either in the form of white and brilliant crystalline 
needlesy or as a white powder. It fuses at a moderate red heat in a 
closed vessel ; when exposed to a higher temperature it volatilizes with- 
oat decomposition. It is almost insoluble m nitric acid, but dissolves 
readily in hydrochloric and tartaric acids. No Separation of iodine takes 
place on boilin^ it with hydrochloric acid (free from clilorine) and iodide 
ofpotassium (free irom iodic acid). Bunsen. Teroxide of antimony is 
easilv reduced to the metallic State by fusion with Cyanide of potassium. 

S. Antimonic acid (Sb OJ is pale yellow ; its hydrates are white. 
Both the acid and its hydrates readen moist litmus-paper ; they are 
only very sparingly soluble in water, and almost insoluble in nitric acid, 
but dissolve pretty readily in hot concentrated hydrochloric acid : the So- 
lution contains pentachloride of antimony and tums turbid upon addition 
of water. On boiling antimonic acid with hydrochloric acid and iodide 
of potassium iodine separates, which dissolves in the hydriodic acid 
present to a brown fluid f Bunsen). Upon ignition antimonic acid loses 
oxygen, and is converted into infusibie antimonate of teroxide of 
ANTIMONY (SbO„SbO,). Of the antimonates the potassa and ammonia 
salts are almost the only ones soluble in water : acids precipitate hydrate 
of antimonic acid from the Solutions, chloride of sotlium throws down 
from them antimonate of soda (§ 90, 2). 

4. The greater part of the salts of teroxide of antimony are 
decomposed upon isnition ; the haloid salts volatilize readily and un- 
altered. The soluble neutral salts of antimony redden litmus-paper. 
With a large quantity of water they give insoluble basic salts and acid 
Solutions containing teroxide of antimony. Thus, for instance, water 
throws down from Solutions of terchloride of antimony in hydrochloric 
acid a white bulky precipitate of basic terchloride of antimony 
(powder of Algaroth), So Cl„ 6 Sb 0„ which after some time becomes 
heavy and crystalline. Tartaric acid dissolves this precipitate readily, 
and therefore prevents its formation if mixed with the Solution pre- 
viously to the addition of the water. It is by this property that the 
basic terchloride of antimony is distinguishea from the basic salts of 
bismuth formed imder similar circumstances. 

5. JBfydrosulpkurie aeid precipitates from acid Solutions (if the quantity 
of free mineral acid present is not too large), the whole of the metal as 
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orange-red amorphous tersulphide of antimony. In alkaline 
Bolutions this reagent fails to produce a precipitate or, at least, it preci- 
pitates them only imperfectlj ; neutral Solutions also are only impenectly 
thrown down by it. The tersulphide of antimony prodaced is readily 
dissolved by potassa and by alkaline sulphides, especially if the latter 
contain an ezcess of sulphur ; it is but sparingly soluble in ammonia, 
and, if free from pentasulphide of antimony, alinost insoluble in bicar- 
bonate of ammonia. It is insoluble in dilute acids, as also in acid sul- 
phite of potassa. Concentrated boiling hydrochloric acid dissolves it, 
with evolution of hydrosulphuric acid gas. ßy heating in the air it is 
converted into a mizture of antimonate of teroxide of antimony with 
tersulphide of antimony. By defla^ation with nitrate of soda it gives 
sulphate and antimonate of soda. If a potassa Solution of tersulphide 
of antimony is boiled with teroxide of bismuth tersulphide of bismuth 
precipitates, and teroxide of antimony dissolved in potassa remains in 
the Solution. On fiising tersulphide of antimony witn Cyanide of potas- 
sium metallic antimony and sulphocyanide of potassium are produced. 
If the Operation is conducted in a small tube expanded into a bulb at 
the lower end, or in a stream of carbonic acid gas (see § 132, 12), po 
Sublimate of antimony is produced. But if a mixture of tersulphide of 
antimony with carbonate of soda or with Cyanide of potassium and carbo- 
nate of soda is heated in a glass tube in a stream of hydrogen gas (compare 
§ 132, 4^, a mirror of antimony is deposited in the tube, immediately 
behind the spot occupied by the mixture. 

From a Solution of antimonic acid in hydrochloric acid sulphuretted 
hydrogen throws down pentasulphide of antimony mixed with tersul- 
pnide and sulphur. The precipitate dissolves reacUly when heated with 
Solution of soda or ammonia, and equally so in concentrated boiling 
hydrochloric acid, with evolution of hydrosulphuric acid gas and Sepa- 
ration of sulphur, but dissolves only very sparingly in cold bicarbonate 
of ammonia. 

6. Sulphide qfammonium produces in Solutions of teroxide of antimony 
an orange-red precipitate of tersulphide of antimony, whicn 
readily redissolves in an excess of the precipitant if the latter contains 
an excess of sulphur. Acids throw down from this Solution pentasul- 
phide of antimony. However, the orange color appears in that case 
usually of a lighter tint, owing to an admixture of rree sulphur. 

?. Potassa, soda, ammonia^ carbonate of soda and carbonate of ammanui 
throw down irom Solutions ofterchloride of antimony, and also of simple 
salts of teroxide of antimony, — ^but fer less completely, and mostly only 
after some time, irom Solutions of tartar emetic or analogous Compounds 
— a white bulky precipitate of teroxide of antimony, which redis- 
solves pretcy reaaily in an excess of potassa or soda, but requires the 
application of heat for its re-solution in carbonate of soda, ana is almost 
insoluble in ammonia. 

8. Metallic sine precipitates from all Solutions of teroxide of anti- 
mony, if they contain no free nitric acid, metallic antimony as a 
black powder. If a few drops of a Solution of antimony, containing 
some free hydrochloric acid, are put into a platinum capsule (the lid of 
a platinum crucible), and a fragment of zmc is introduced, hydrogen 
containing antimonetted hydrogen is evolved and antimony separates, 
staining the part of the platinum covered by the liquid brown or black, 
even in the case of very dilute Solutions : this reaction I can recom- 
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mend as being eqnallj delicate and characteristic. Gold hydrochloric 
acid fkils to remove the stain^ heating with nitric acid removes it 
immediatelj. 

9. If a solation of terozide of antimony in Solution of potassa or 
soda is mixed with Solution of nitrate of silvery a deep black precipitate 
of 8UBOXIDB OF 8ILVER fonns with the pfrayish-bpown precipitate of 
ozide of silver. Upon now adding ammonia in excess the oxiae is re- 
dittol^ed, whilst tne suboxide is lefl undissolved (H. Rose). The 
ibrmation of the suboxide of silver in this process is explained as 
fbllowa : K 0, SbO, + 4 Ag = K 0, Sb 0, + 2 Ag.O. This exceedingly 
delicate reaction anbrds more especially also an excellent means of 
detectiiup teroxide of antimony in presence of antimonic acid. 

10. If a Solution of teroxide of antimony is introdueed into a flask 
in which hydrogeu gas is being evolved from pure.:::t;tc and diluted sul- 
pkmric aeid the xinc oxidizes not only at the expense of the oxygen of 
the water, but also at the expense ofthat of the terozide of antimony. 
Antimony separates accordingly in the metallic State ; but a portion of 
the metal combines in the moment of its Separation with hydrogen^ 
formiiu^ ANTiMONBTTKD HYDROOEN GAS (St) H,). If this Operation 
if condacted in a gas-evolution flask, connected by means of a per- 
forated cork with a beut tube ending in a jet,* and the hydrogen pass- 
ing through the jet is ignited alter the atmospheric air is completely 
expelledy Üie flame appears of a bluish-green tint, which is imparted to 
it by the antimony separating and burning in the flame. White iiimes 
of teroxide of antimony rise from the flame, which condense readily 
upon cold substancesy and are not dissoived by water. But if a cold 
body, such as a porcelain difih (which answers the purpose best), is 
now depressed upon the flame, metallic antimony is deposited upon 
the siirtace in a State of the most minute division, forming a deep black 
and almost lustreless spot. If the middle part of the tube tnrou<2;h 
which the gas is passing is heated to redness tne bluish-green tint of tue 
flame decreases in intensity, and a metallic mirror of antimony of 
dlvery lustre is formed withm the tube on both sides of the heated 
part 

As the acids of arsenic give under the same circumstances similar 
stains of metallic arsenic, it is always necessary to carefully examine the 
Spots produced, in order to ascertain whether they really consist of 
antimony or contain any of that metal. With stains deposited on a 
porcelain dish the object in view is most readily attained by treating 
them with a Solution of chloride of soda (a Compound of hypochlorite of 
soda with chloride of sodium, prepared by mizing a Solution of chloride 
of lime with carbonate of soda in excess, and filtering) ; which will 
immediately dissolve arsenical stains, leaving those ])roceeding from 
antimony untouched, or, at least, removing them only afi;er a very pro- 
tracted action. A mirror within the glass tube, on the other band. 
may be tested by heating it whilst the current of hydrogen gas still 
continues to pass through the tube : if the mirror volatilizes only at a 
higher temperature, and the hydrogen gas then issuing from the tube 
does not smell of garlic ; if it is only with a streng current that the 
ignited gas deposits spots on porcelain, and the mirror before volatilizing 

* lo aocmate ezperimenUi it is advisable to ose Mabsh'b appftratcu (§ 132, 10). 
Bj the cnplojmeiit of » platiDum jet tbe color of \he flame will be rendered veiy 
dirth ofc 
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iiises to small lustrous globules distinctly discernible through a mag- 
nifying' glass, — the presence of antimonj may be considered certain. 
Cr the metÄls may be distingfuished with great certainty by conducting 
through the tube a very slow stream of dry hydrosulphuric acid gas, and 
heating the mirror, proceeding in an opposite direction to that of the 
current. The antimonial mirror is by tnis means converted into ter- 
sulphide of antimony, which appears of a more or less reddish-yellow 
color^ and almost black when in thick layers. If a feeble stream of dry 
hydrochloric acid gas is now transmitted through the glass tube, the 
tersulphide of antimony, if present in thin layers only, disappears imme- 
diately ; if the incrustation is somewhat thicker it tak^s a snort time to 
dissipate it The reason for this is, that the tersulphide of antimony 
decomposes readily with hydrochloric acid, and the terchloride of 
antimony formed is exceedingly volatile in a stream of hydrochloric 
Hcid gas. If the gaseous current is now conducted into some water the 
presence of antimony in the latter fluid may readily be proved by 
means of hydrosulphuric acid. By this combination of reactions 
antimony may be distingfuished with positive certainty from all other 
metals. The reaction which hydrogen gas containing antimonetted 
hydrogen shows with Solution of nitrate of silver and with solid potassa 
will be found in § 134, 6. 

11. If a mixture of a Compound of antimony with earbanate of soda 
and Cyanide ofpotassium is ezposed on a charcoal support to the reducing 
fiame oftheUompipe. brittle globules of metallic antimony are pro- 
duced, which may oe readily recognised by the peculiar reactions that 
mark their oxidation (compare § 131, 1). 

12. In the upper reaucing flame of the gas lamp (p. 23) Com- 
pounds of antimony give a greenish-gray color, and no odor. The 
metallio incrustation is black, sometimes duU, sometimes bright. The 
mcrustatum of oxide is white. When moistened with neutral nitrate of 
silver, and then blown on with ammonia^ it gives a black spot of 
antimonate of suboxide of silver (Bunsen). 

§132. 

d, Arsenious Acid (AsO,). 

1. Metallic arsenic has a blackish-gray color and high metallic 
lustre, which it retains in dry air, but loses in moist air, becoming 
covered with suboxide ; the metallic arsenic of commerce looks there- 
fore rather dull, with a dim bronze lustre on the planes of crystallization. 
Arsenic is not very hard, but very brittle : at a dull red heat it volatilizes 
without iiision. The fiimes have a most characteristic odor of garlic, 
which is ascribed to the suboxide of arsenic formed. Heated wiUi free 
access of air arsenic burns — at an intense heat with a bluish flame — 
emitting white ^mes of arsenious acid, which condense on cold bodies. 
If arsenic is heated in a glass tube sealed at the lower end the greater 
])art of it volatilizes unoxidized, and recondenses above the heated spot 
as a lustrous black Sublimate (arsenical mirror) ; a very thin coating of 
the Sublimate appears of a brownish-black color. In contact with air 
and water arsenic oxidizes slowly to arsenious acid. Weak nitric acid 
converts it, with the aid bf heat, into arsenious acid, which dissolves 
only sparingly in an excess of the acid ; strong nitric acid converts it 
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nutially into anenic acid. It is insoluble in hydrochloric acid and 
dilute sulphuric acid ; concentrated boiling' sulphuric acid oxidizes it to 
■nenioiis acid, with evolation of sulphuroas acid. 

2. Arsbnious acid generally presents the appearance either of a 
transparent yitreous or of a white porcelain-like mass. By trituration 
it gires a heavy, white, gntty powder. When heated it volatilizes in 
white inodorous fiunes. If tne Operation is conducted in a glass tube a 
Sublimate is obtained consisting of small brilliant octahedrons and tetra- 
hedrons. Arsenioas acid is only difficultly moistened b^ water; it 
eomports itself in this respect like a fätty substance. It is sparingly 
•oFoDle in cold, but more readily in bot water. It is copiously oissolved 
by hydrochloric acid, as well as by Solution of soda and potassa. lipon 
boiling with nitrohydrochloric acid it dissolves to arsenic acid. It is 
highly poisonous. 

3. The ARSENiTES are mostly decomposed upon ignition either into 
arsenates and metallic arsenic, which volatilizes, or into arsenious acid 
and the base with which it was combined. Of the arsenites those only 
with alkaline bases are soluble in water. The insoluble arsenites 
are dissolved, or at least decomposed, by hydrochloric acid. Anhydrous 
terchloride of arsenic is a colorless volatile liquid, fiiming in the air, 
which will bear the addition of a little water, but is decomposed by a 
lar|ger amount into arsenious acid, which partly separates, and hydro- 
chloric acid, which retains the rest of the arsenious acid in Solution. If 
a Solution of arsenious acid in hydrochloric acid is evaporated by heat, 
Chloride of arsenic escapes along with the hydrochloric acid. 

4. Hydromlphurie acid colors aqueous Solutions of arsenious acid 
yellow, but produces no precipitate m them ; it fails equally to precipi- 
tate aqueous Solutions of neutral arsenites of the alkalies ; but upon 
addition of a streng acid a brig>ht yellow precipitate of tersulphide 
OF ARSENIC forms at once. The same precipitate forms in like manner 
in the hydrochloric acid Solution of arsenites insoluble in water. Even 
a large excess of hydrochloric acid does not prevent complete preci- 
pitation. Alkaline Solutions are not precipitated. The precipitate is 
readily and compietely dissolved by alkalies, alkaline carbonates and 
bicarbonates, and also by alkaline sulphides ; but it is nearly insoluble 
in hydrochloric acid, even thou^h concentrated and boiling. Boiling 
nitric acid decomposes and dissolves the precipitate readily. 

If recently precipitated tersulphide of arsenic is digested with sul- 
phurous acid and acid sulphite oi potassa the precipitate is dissolved ; 
upon heating the Solution to boiling the fluid turns turbid, o\ving to the 
Separation of sulphur, which upon continued boiling is for the creater 
part redissolved. The fluid contains, after expulsion of the sulpnurous 
acid, arsenite and hyposulphite of potassa : 2 As S + 8 (K 0, 2 S 0,) = 
2 (K 0, As OJ + 6 (K 0, S.O J + 8+780, (Bunsen). 

The deflagration of tersulphide of arsenic with carbonate and nitr^te 
of soda gives rise to the formation of arsenate and sulphate of soda. If 
a Solution of tersulphide of arsenic in potassa is boiled with hydrated 
carbonate or basic nitrate of teroxide of bismuth tersulphide of bismuth 
and arsenite of potassa are produced. 

If a mixtnre of tersulphide of arsenic with from 8 to 4 parts of car- 
bonate of soda, made into a paste with some water, is spreaa over small 
glass splinters. and these, after being well dried, are rapidly heated to 
xedness in a glass tube through which dry hydrogen gas is transmitted. 
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a large portion of the arsenic present is reduced to the metallic State 
and ezpelled if the temperature applied is sufficiently hi£i^h. Part of the 
reduced arsenic forms a metallic mirror in the tube^ tne remainder is 
carried awaj suspended in the hydrogen gas ; the minute particles of 
arsenic impart a oluish tint to the flame when the gas is kindled, and 
form stains of arsenic upon the surface of a porceiain dish depressed 
lipon the flame. The fiision of the mixture of tersulphide of arsenic 
with carbonate of soda first gives rise to the formation of a double ter- 
sulphide of arsenic and sulphide of sodium, and of arsenite of soda 
r2AsS,4-4(NaO,CO,) = 3NaS,AsS,4-NaO,AsO, + 4COJ. Upon 
neating these products the arsenite of soda is resolved into arsenic and 
arsenate of sooa (ö As 0, = 2 As + 3 As 0,), and the tersulphide of arsenic 
and sulphide of sodium into arsenic and pentasulphide of arsenic and 
sulphide of sodium (5 AsS, = 2 As + 3 AsS J ; and by the action of the 
hyarogen the arsenate of soda is also converted into hydrate of soda, 
arsenic, and water. The whole of the arsenic is aceordingly expelled, 
except that portion of the metal which constitutes a component part of 
the Qouble pentasulphide of arsenic and sulphide of sodium formed in 
the process, a sulphur salt which is not decomposed by hydrogen 
(H. Rose). This method of reduction gives indeed very accurate 
results, but it does not enable us to distinguish arsenic from antimony 
with a sufficient degree of certainty, nor to detect arsenic in presence 
of antimony. (Compare § 131, 6.) The Operation is conducted in the 
apparatus ülustrated by fig. 36. a is the evolution flask^ b a tube con- 




Fig. 86. 

taining chloride of calcium, c the tube in which, at the point d, the 
glass splinter with the mixture is placed ; this tube is made of difficultly 
nisible glass free firom lead. When the apparatus is completely filled 
with hydrogen d is exposed to a verv gentle heat at first, in order to 
expel all the moisture which may stiÜ be present, and then suddenly to 
a very intense heat,* to prevent the Sublimation of undecomposed ter- 
sulphide of arsenic. The metallic mirror is deposited near the point e. 
— Another method of effecting the reduction of tersulphide of arsenic to 
the metallic State, which combines with the very highest degree of 
delicacy the advantage of preclnding the possibility of confounding 
arsenic with antimony, will oe found described in 12 (p. 158). 

* The flAme of the gaf -iMop with ohimnej, or of the Uowpipe^ amwen the puipoie 
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5. SMipkide qfammomium also caases the formation of tersulphidb 
OF ARssNic. In nentral and alkaline Solutions, however, the tersul- 
phide does not precipitate, but remains dissolved as a double sulphide 
of arsenic and ammonium. From this Solution it precipitates imme- 
dialelj upon the addition of a free acid. 

6. Nitrate qf silver leaves aqueous Solutions of arsenious acid per- 
fectly clear, or at least produces only a trifling* yellowish-white turbiditj 
in tnem ; but if a litUe ammonia is added a yellow precipitate of 
ARSEN ITB OF 8ILVBR (3 Ag 0, As OJ Separates. The same precipitate 
fbrms of course immediately upon the addition of nitrate of silver to the 
Bolntion of a neutral arsenite. The precipitate dissolves readily in 
nitric acid as well as in ammonia, and is not insoluble in nitrate of 
ammonia ; if therefore a small quantity of the precipitate is dissolved 
in a large amount of nitric acid, and tlie latter is afterwards neutralized 
with ammonia, the precipitate does not make its appearance again, as 
it remains dissolved in tue nitrate of ammonia fonned. If an ammo- 
niacal Solution of arsenite of silver is heated to boiling, metallic 
SILVER separates, the arsenious acid being converted into arsenic acid. 

7. Sulphate of copper produces under the same circumstances as the 
nitrate of silver a yellowish-green precipitate of arsenite of copper. 

8. If to a Solution of arsenious acid in an ezcess of Solution of soda 
or potassa, or to a Solution of an alkaline arsenite mixed with potassa 
or mtda^ a few drops of a dilute Solution of sulphate of copper are added, 
a clear blue fluid is obtained, which upon boiling* deposits a red preci- 
pitate of SUBOXIDE OF COPPER, leaving arsenate of potassa in Solution, 
ffais reaction is exceedingly delicate, provided not too much of the 
Solution of sulphate of copper be used. Even should the red precipitate 
be so exceedingly minute as to escape dctection on looking across the 
tube, yet it will always be discernible with great distinctness upon look- 
ing down the test-tube. Of course this reaction, although really of 
great importance in certain instances as a confirmatory proof of the 
presence of arsenious acid, and more particularly also as a means of 
distinguishing that acid from arsenic acid, is yet entirely inapplicable 
for the direct detection of arsenic, since grape sugar and other organic 
substances also produoe suboxide of copper from saits of oxide of copper 
in the same manner. 

9. If a Solution of arsenious acid mixed with hydrochloric acid is 
heated with a perfectly clean slip of copper or copper wire, an iron-gray 
metallic film is deposited on the copper, even in liighly dilute Solutions ; 
when this film increases in thickness it peels off in black scales. If the 
coated copper, afber washing off the free acid, is heated with Solution 
of ammonia the film peels off from the copper, and separates in form of 
minute spangles ^Reinsch). Let it be Dorne in mind that these are 
not pure arsenic, out consist of an arsenide of copper (Cu.As). If 
the substance, either simply dried or oxidized by i^ition in a current 
of air (which is attended with escape of some arsenious acid), is heated 
in a current of hydrogen, there escapes relatively but little arsenic, 
alloys richer in copper being left behind (Fresenius, Lippert). It 
is only after the presence of arsenic in the alloy has been fully demon- 
strated that this reaction can be considered a decisive proof of the pre- 
sence of that metal, as antimony and other metals will under the same 
drcnrnstances also precipitate in a similar manner upon copper. 

10. If an add or neutral Solution of arsenious acid or anv of its 
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componnds is mized with sine, water, nnd düute sulphurie aeid arse- 
AETTED HYDROQEN (As H,) is foHiied, in the same mniiQer as Com- 
pounds of antiiDony give under aualogous circumstaDces autiraonetted 
livdrogen. (CompHre J 131, 10.) Thia reaction affords ua a most 
deltcate test for tbe detection üf even the most minute quantities of 
arsenic. The Operation is conducted in the apparatus illustrated bj 
Hg. i)7, or in one of similar cODstniction.* a ia me evolution flaek, b a 




bulb intended to receive the water cerried with the gaseoua current, e 
a tube filled with cotton wool and amall lumpe of chloride of calcium 
for dryino; the gas. This tube is connected witn b end d br india-rubber 
tubes which bave been boilod in aolution of aoda ; d should bare an 
inner diameter of 7 mm. {R^. 38), and must be made of 

Oditficultly fusible glass free trom lead. In ezperiments re- 
quiring great accuracy the tube aliould be drawn out as shown 
in £g, 37. The Operation ia now commenced bj evolving in a 
P g a moderate and uniform current of iiydrogen gas, from pure 
'^' ' granulated zinc and pure sulphurie seid diluted with 3 parts 
of water. Addition of a few dropa of bichloride of platinum 
will be fuund usejiil. When the evolution of hydrogen uaa pro- 
ceeded for aome time, so that it may aafely be concluded tbe air has 
been completely expelied irom the apparatua, the gas is kindled at the 
open end of tbe tutie d. It ia adviEaute t« wrap a piece of cloth round 
tue Dask before kindling the gas, tx) guard againat accident« in case of 
an explosiou. It is now abaolutely necessary first to ascertain whetber 
the zinc and the sulphurie acid ere quite Iree from any admixture of 
arsenic. This is done by depressing a porcelain dieb horizontally upon 
tlie flame tu make it spread over the surface : if the hydrogen contäins 
arsenetCed hydrogen brownish or browniah-black stains of arsenic will 

* I UM the T«7 oonreDwnt fonn ot UABOa'a H>pM«tDi noommandad by Otto In 
big ezcBllaot Lehrbaoh dar Chamia, 
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tppear on the poroelain ; the non-appearance of such staiDS mav be 
considered as a proof ofthe freedom of the zinc and sulphuric acid from 
inenic. In very accurate ezperiments, howevcr, additional evidence is 
reqnired to ensure the positive certaintj of the purity of the reagents 
employed ; for this purpose the part of the tube d shown in fig". 3? over 
die flame is heated to redness with a Berzelius or gas-lamp, and kept 
lome time in a State of i^ition : if no arsenical coating- makes its 
appearance in the narrowed part of the tube the ag^nts einployed may 
lie pronounced free from arsenic, and the Operation proceeded with, by 
pouring' the fluid to be tested for arsenic through the funnel tube into 
the flasky and afterwards some water to rinse tlie tube. Only a very 
little of the fluid oug'ht to be poured in at first, as in cases where the 
quantity of arsenic present is considerable, and a somewhat lar[^ 8up])Iy 
of the fluid is poured into the flask, the evolution of gas ofton proceeds 
with such violence as to stop the further prog-ress of the experiment. 

New if the fluid contains an oxygen Compound of arsenic or arsenic 
in combination with a salt radical, there is immcdiately evolved^ alon<^ 
with the hydrogen^arsenetted hydrogen, which at once imparts a bluish 
tint to the flame of the kindled gas, owing to the combustion of the 
paiticles of arsenic separating from the arsenetted hydrogen. At the 
mune time white fumes of arsenious acid arise, which condense upon cold 
objects. If a porcelain plate is now dcpressed upon the flame the sepa- 
rtted and not yet reoxidized arsenic condenscs upon tlie plate in black 
stainSy in a similar manner to antimony. (See § 1dl, 10.) The stains 
fimned by arsenic incline^ however, more to a blackish-brown tint, nnd 
ihow a bright metallic lustre ; whilst the antiinonial stains are of a deep 
black color and but feebly lustrous. The arsenical stains may be dis- 
tinraished moreover from the antimonial stains by Solution of cnloride of 
I0& — hypochlorite of sodawith chloride of sodium — (compare § 1»J1, 10), 
which wiU at once dissolve arsenical stains, leaving antimonial stuins 
nnaffected. or removing them only after a consideraule time. 

If the neat of a Berzelius or gas-lamp is now api)licd to the part of 
the tube d shown in flg. 3? over the flame, a brilliant arsenical mirror 
makes its appearance in the narrowed portion of the tube behind the 
heated part \ this mirror is of a darker and less silvery-white hue than 
that produced by antimony under similar circumstances ] from which it 
is moreover distm^ished by the facility with which it may be dissipated 
in a current of hydrogen gas without previous fusion, and by the charac- 
teiistic odor of garlic emitted by the escaping (unkindled) gas. If the 
gas is kindled whilst the mirror in the tube is being heated the flame 
will, even with a very slight current of gas, deposit arsenical stains on a 
porcelain plate. 

The reactions and properties just described are amply sufficient to 
enable os to distinguish between arsenical and antimonial stains and 
mirrors ; but they will oflen fJEiil to detect arsenic with positive certainty 
in presence of antimony. In cases of this kind the fi)llowing process 
will serve to set at rest all possible doubt as to the presence or abseuce 
of arsenic: — 

Heat the long tube through which the ^ to be tested is passinc; to 
ledness in several parts, to produce discinct metallic mirrors ; tuen 
transmit through the tube a very weak stream of dry hydrosulphuric 
aeid gas, and heat the metallic mirrors proceeding from the outer to- 
wards the inner border. If arsenic alone is present yellow tersulphide 
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of arsenic is formed inside the tube ; if antimony alone is present an 
orange-red or black tersulphide of antimony is produced ; and if tbe 
mirror consisted of both metals tbe two sulphides appear side by side, 
the sulpbide of ursenic as the more volatile lying invariably before the 
Bulphioe of antimony. If you now transmit through the tube contain- 
in(r the sulpbide of arsenic or the sulpbide of antimony, or both sul- 
phides tog-ether, dry hydrochloric gas, without applying heat, no aitera- 
tion will tüake place if sulpbide of arsenic alone is present, even though 
the gas be transmitted Ihrough the tube for a considerable time. If 
sulpbide of antimony alone is present this will entirely disappear, as 
already stat^ed, § 131, 10, and if both sulphides are present the sulpbide 
of antimony will immediately volatilize, whilst the yellow sulpbide of 
arsenic will remain. If a small quantity of ammonia is now drawn into 
the tube the sulpbide of arsenic is dissolved, and may thusbe readily dis- 
tinraished from sulphur which may have separatea. My personal ex- 
penence has convinced me of the in&llibility of these combined testsfor 
the detection of arsenic. 

The reaction of bydrogen containing arsenett^d hydrogen with Solu- 
tion ofnitrate ofsilver will be foundin § 134, 6. 

Marsh was the ürst wbo suc'gested the method of detecting arsenic 
by the production of arsenetted nydrogen. 

11. If a small lump of arsenious acid (a) be introduced into the 
pointed end of a drawn-out glass tube (fig. 39), a fragment of quite 




Fig. 89. 

recently burnt charcoal (b) pushed down the tube to within a short 
distance of the arsenious acid, and first the charcoal then tbe 
arsenious acid heated to redness, a mirror of metallic arsenic will 
form at c, owing to the reduction of the arsenious acid vapour by the 
red-hot charcoal. If the tube be now cut between b and e and then 
heated in an inclined position, with the cut end o tumed upwards, 
tbe metallic mirror will volatilize, emittin^ the charactcristic odor of 
garlic. This is both the simplest and sätest way of detecting pure 
arsenious acid. 

12. If arsenites, or arsenious acid, or tersulphide of arsenic are fused 
with a mixture of equal parts of dry carbonate of soda and Cyanide of 
potassium the whole of the arsenic is reduced to tbe metallic State, and 
so is the base also, if easily reducible ; the eliminated oxygen Convert- 
ing part of the Cyanide of potassium into cyanate of potassa. In the 
reduction of tersulphide of arsenic sulphocyanide of potassium is formed. 
The Operation is condacted as follows : — ^Introduce the perfectly dry 
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■fwnioal compoond iDto tha bulb of a >dibII bnib-tube (&g. 40), aad 
corer it with nx times the quaotity of a perfectly diy mixtura of equal 
parti of cubonst« of'soda soaof Cyanide of potassiuiu. The wkole quan- 




Fig. 40. 
ütj mtut not mach more than balf-fill the bulb, otberwise tbe fusinr 
cjftnide of potassiam is likely tö ascend into the tube. Heat tiie bulb 
now geaÜj; should some water still escape, wipe the inside of the tube 
perfectly ary with a twisted bUd of blotting paper. It is of the hig;liest 
importance for the success of the eiperiment to bestow great care upon 
ezpelling the water, drying the mixture, and wipjng the tube clean and 
dry. Apply now a strang heat to the bulb, to effect the reduction of 
the anenical Compound, and continue this for some tine, ss the arsenic 
often requires sume time for its comjilet« Sublimation. Tbe mirror 
which 18 deposited at ( is of eiceediag purity. It is obtained from all 
arsenites whose bases remain either altogether uuaSected, or are reduced 
to such metallic arseuides as lose their arsenic partly or totally upon the 
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simple application of heat. This method deserves to be particularly 
recomraended on account of its simplicitj and neatness, as well as for 
the accuracy of the results attainabte by it, even in cases where only 
very minute quantities of arsenic are present. It is more especially 
adapted for the direct production of arsenic from tersulphide of arsenic, 
and is in this respect superior in simplicity and accuracy to all other 
methods hitherto suggested. The delicacy of the reaction may be very 
much heightened by heating the mixture in a stream of dry carbonic 
acid gas. A series of experiments made by L. v. Babo and myself has 
shown that the most accurate and satisfactory results are obtained in the 
following manner. Figs. 41 and 42 show the apparatus in which the 
process is conducted. a is a bottle for the evolution of carbonic acid. 
At the bottom is a layer of plaster of Paris. While the plaster is 
setting the bottle should be piaced in a* slanting position, so that the 
surface of the plaster may slope towards d ; and before the plaster is quite 
hard a conical hole should De scooped out of it at d. On the plaster 
bottom lumps of marble are piaced. b is firmly fixed on a by means of 
two perforated india-rubber stoppers, or preferably by means ofone long 
Stopper taperin»" from the miaclle towards both* ends. b is connected 
with a by the glass tube e, which is provided with the arrangement re- 
presented at / constructed of glass tubes of as large bore as possible. 
To the glass tube ff is attached a short piece of india-rubber tube which 
reaches into the cavity in the bottom of the bottle. Water and hydro- 
cbloric acid are poured in through A, which is afberwards closed by a 
Stopper containing a glass tube. On opening i tho acid passes into the 
evolution bottle and the carbonic acid begins to be formed. • On closing 
i the pressure of carbonic acid drives the hydrochloric acid back into b, 
and the evolution ceases. The carbonic acid is dried in k, which con- 
tains concentrated sulphuric acid. It then passes into the reducing tube 




1», which is represented in fig. 42 half its real size ; it should have a 
bore of 8 mm. 

When the apparatus is fiill of carbonic acid triturate the perfectly 
dry sulphide of arsenic or arsenite in a slightly heated mortar witn 
about twelve parts of a well-dried mixture consisting of three parts of 
carbonate of soda and one part of Cyanide of potassium. The mixture 
must of course be quite free from arsenic (§ 46). Put the powder upon 
a narrow slip of card paper, bent into the shape of a gutter, and push 
this into the reduction-tube down to e ; turn the tube now half-way 
round its axis, which will cause the mixture to drop into the tube be- 
tween e and d, every other part remaining perfectly clean. Connect the 
tube now widi the gas-evolution apparatus, and pass through it a 
moderate stream of carbonic acid. Heat the tube in its whole length 
very gently until the mixture in it is quite dry. When every trace of 
water is expelled, reduce the gas stream so that the Single bubbles pass 
through the sulphuric acid at intervals of one second, and heat the re- 
duction tube to redness at e (fi^. 42). When e is red-hot^ apply the 
flame of a second lamp to the mixture^ proceeding from dto e, until the 
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whole of the iinenic is ezpelled. The far gretiter portion of the volati- 
lized arsenic recondenses at h, whilst a small portion onl j escapes through 
iy impartiiig to the air a ^^lic odor. Advance the flame of the secood 
bunp slowlj and gradaallj up to e, bj which means the whole of the 
araenic which majhave Condensed in the wide part of the tube is driven 
to A. When yoa have effected this, close the tube at the point i bj 
ibsioiiy and apply heat, proceeding from i towards 4, bj which means the 
eztent of the mirror is narrowed, whilst its beau^ and lustre are corre- 
qMmdinglj increased. In this manner pertectly distinct mirrors of 
arsenic may be prodnced from '0002 grm. of tersulphide of arsenic. No 
mirrors are obtained by this process from tersulpnide of antimony^ or 
from any other Compound of antimony. 

13. If arsenious acid or one of its Compounds is exposed on charcoal 
to the redttcing Jiame of the hUmpipe a highly characteristic ^rlic odor 
18 emittedy more especially if some carbonate of soda is added. This 
odor has its origin m the reduction and re-oxidation of the arsenic, and 
enables us to detect very minute quantities. This test, however, like 
all others tbat are based upon the mere indications of the sense of smell, 
cannot be implicitly reliea on. 

§ 133. 
€. Arsenic Acid (AsOJ. 

1. Hydrated arsenic acid crystallizes in clear prisms of the formula 
2(3HO, AsOJ + aq., which deliquesce in the air. The water of 
crystallization escapes at 100^ ; at a higher temperature the water of 
hydration escapes and the acid fuses. On streng ignition it splits into 
ozygen and arsenious acid. The anhydrous acid dissolves but slowly 
in water. Arsenic acid is poisonous. 

2. Most of the arsenates are insoluble in water. Of the so-called 
neutral arsenates those with alkaline bases alone are soluble in water. 
Most of the neutral and basic arsenates can bear a strong red heat 
without suffering decomposition. The acid arsenates lose tneir excess 
of acid lipon igpnition, which passes off in the form of arsenious acid and 
oxygen. A Solution of arsenic acid or of an arsenate in hydrochloric 
acid may be boiled for a long time without losing chloride of arsenic^ 
proTided too much hydrochloric acid is not present. But when the 
residual fluid contains about half its volume of hydrochloric acid of 
specific gravity 1*12, traces of terchloride of arsenic begin toescape with 
tne hydrdchloric acid. 

3. Hydrasulphurie acid fails to precipitate alkaline and neutral Solu- 
tions ; but in acidified Solutions it causes first reduction of the arsenic 
acid to arsenious acid, with Separation of sulphur, then precipitation of 
tersulphide of arsenic. This process continues until the whole of the 
arsenic is thrown down as As S., mixed with 2 S (Wacken roder, 
Ludwig, H. Rose). The action never takes place immediately, and 
in dilute Solutions frequently only after the lapse of a considerable time 
(twelve to twenty-four hours, for instance). Heating (to about 70°) 
gready accelerates the action. If a Solution of arsenic acid, or of an 
arsenate, is mixed with sulphnrous acid, or with sulphite of soda and 
some hydrochloric acid, the sulphurous acid is converted into sulphurio 
acid, and the arsenic acid reduced lo arsenious acid; applicatiou of heat 

I. K 
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promotes the change. If hydrosulphuric acid is now added^ the whole 
of the arsenic is immediately thrown down as tersnlphide. 

4. Sulphide of ammonium converts the arsenic acid in neutral and 
alkaline Solutions of arsenates into pentasulphide of arsenic, which 
remains in Solution as a salt of pentasulphide of arsenic and sulphide of 
ammonium. Upon the addition of an acid to the Solution this salt is 
decomposed, and pentasulphide of arsenic precipitates. The Separation 
of this precipitate proceeds more rapidlj than is the case when acid Solu- 
tions Ol arsenates are precipitated with hydrosulphuric acid. It is pro- 
moted hy heat. The precipitate formed is As S,, and not a mixture of 
As S, with S,. 

ö. Nitrate ofsüver produces under the circnmstances stated § 132, 6, 
a highly characteristic reddish-brown precipitate of arsenate of silver 
(3 AgO, AsO.), which is readily soluble in dilute nitric acid and in 
ammonia, and dissolves also slightly in nitrate of ammonia. Accord- 
ingly, if a little of the precipitate is dissolved in a large proportion of 
nitric acid, neutralization with ammonia often feils to reproduce the pre- 
cipitate. The ammoniacal Solution of arsenate of silver does not deposit 
silver upon boiliug (difference between arsenic and arsenious acids). 

6. Sulphate of copper produces under the circnmstances stated § 132, 
7, a greenish-blue precipitate of arsenate of coppeb (2 CuO, HO, 
AsOj. 

7. If a dilute Solution of arsenic acid mix^d with some hydrochloric 
acid is heated with a clean slip of copper the metal remains perfectly 
clean (Werther, Reinsch) ; but if to one volume of the Solution two 
Yolumes of concentrated hydrochloric acid are added, a gray film is 
deposited on the copper, as in the case of arsenious acid. The reaction 
is under these circumstances equally delicate as with arsenious acid 
(Reinsch). 

8. With sine in presence of sulphuric acid, with Cyanide ofpotoisium, 
and before the bUmpipe, the Compounds of arsenic acid comport them- 
selves in the same way as those of arsenious acid. If the reduction of 
arsenic acid by zinc is effected in a plutinum capsule^ the platinum does 
not turn black (difference from antimony). 

9. If a Solution of arsenic acid, or of an arsenate soluble in water, 
is added to a clear mixture of sulphate of magnesia, Chloride of ammonium^ 
and a sufBcient quantity of ammonia, a crystalline precipitate of 

ARSENATE OF AMMONIA AND MAGNESIA (2 Mg 0,N H^ 0, AsO + 12 aq.) 

separates ; from concentrated Solutions immediately, irom dilute Solu- 
tions afber some time. If a small portion of the precipitate is dissolved 
on a watch-glass in a drop of nitric acid, a little nitrate of silver added, 
and the Solution touched with a glass rod dipped in ammonia, brownish- 
red arsenate of silver is formed. Or if a small portion of the precipitate 
is dissolved in hydrochloric acid and hydrosulpnuric acid is passea into 
the Solution with warming, a yellow precipitate is formed. rDifferences 
between^ arsenate and phosphate of magnesia and ammonia.) 

§ 134. 

Recapitulation and remarka. — I will here describe first the different 
ways adapted to effect the detecdon or Separation of tin, antimony, 
uid arsenic, wheQ present together, and afterwards the means of dis- 
fing^iiuinng between the several oxides of the three metals. 
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1. If jou have a mixture of sulphide of tin, sulphide of antimony, 
and sulphide of arsenic, triturate 1 part of it witli 1 part of dry car- 
bonate of soda and 1 part of nitrate of soda, and transfer the mixed 
powder ^adually to a small porcelain crucible containing 2 parts of 
nimte of soda kept in a State of iiision at a not over-strong' heat ; oxida- 
tion of the sulphides ensues, attended with slig'ht deilag^ration. The 
fiued mass contains binoxide of tin, arsenate and antimonate of soda, 
with snlphate^ carbonate, nitrate, and nitrite of soda. You must take 
care not to raise the heat to such a degree, nor continue the fusion so 
long, as to lead to a reduction of the nitrite of soda to the caustic State, 
that there may not be formed stannate of soda soluble in water. Upon 
treating' the mass with a little cold water binoxide of tin and antimonate 
of soda remain undissolved, whilst arsenate of soda and the other salts 
are dissolved. If the filtrate is acidified with nitric acid, and heat is 
applied to remove carbonic and nitrous acids, the arsenic acid may be 
detected and separated, either with nitrate of silver, according to § 133, 
5^ or with a mixture of sulphate of magnesia, chloride of ammonium, and 
anunonia, according to § 133, 9. 

If the undissolyed residue, consisting of binoxide of tin and antimo- 
nate of soda, is, after being washed once with cold water and three times 
with dilute spirits of wine, treated with some hydrochloric acid in the 
Ud of a platinum crucible, and a gentle heat applied, the mass is either 
completely dissolved or, if the tin is present in a large proportion, a 
white residue is left undissolved. If, regardless of the presence of this 
latter, a fragten t of zinc is added, the Compounds are reduccd to the 
metallic State, when the antimony will at once reveal its presence by 
blackening the platinum. If, after the evolution of hydro^en has nearly 
Btopped, tne remainder of the zinc is taken awny, and tue coutents of 
the ud are heated with some hydrochloric acid, the tin dissolves to pro- 
tochloride, whilst the antimony is lefb undissolved in the form of black 
flakes. The tin may then be more distinctly tested in the Solution, 
with chloride of mercury, or with a mixture of sesquichloride of iron 
and ferricyanide of potassium, and the antimony, after Solution in a 
litüe aqua regia, with hydrosulphuric acid. As this method of detect- 
ing arsenic, tin, and antimony in presence of each other is adopted in 
the erystematic course of analysis, I have here simply explained the 
principle upon which it is based, and refer for the details of the process 
to§192. 

2. If the mixed sulphides, after being freed from the greater part 
of the adhering water, by laying the filter containing them on 
blotting paper, are treated with faming hydrochloric acid, with applica- 
tion of a gentle heat, the sulphides of antimony und tin dissolve, whilst 
the sulphide of arsenic is left almost completely undissolved. By 
treating this with ammonia, and evaporatingtne Solution obtained, with 
addition of a small quantity of carbonate of soda, an arsenical mirror may 
easily be produced from the residue, by means of Cyanide of potassium 
and carbonate of soda in a stream of carbonic acid gas (§ 133, 12). 
The Solution, which contains the tin and the antimony, may be treated 
as stated in 1. 

If agreat excess of antimony is present the latter Solution may also 
be mixed with sesquicarbonate of ammonia in excess, and boiled ; when 
a large proportion of the antimony will dissolve, leaving binoxide of ün 
bdiind, mixed with bat little teroxide of antimony ; in wnich undissolved 
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164 KECAPITULATION. GROUP VI. DIV. IL [§ 134. 

residue the tin may now be the more readily detected by the method 
described in 1 (Bloxam). 

3. If the mixed sulphides are digested at a gentle heat with some 
common solid carbonate of ammonia and water sulphide of arsenic dis- 
solves, whilst the sulphides of antimony and tin remain undissolved. 
But even this Separation is not auite absolute^ as traces of sulphide of 
antimony are apt to pass into tue Solution, whilst some sulphide of 
arsenic remains in the residue. The sulphide of arsenic precipitating 
from the alkaline Solution upon acidifying" this latter with nydrochloric 
acid must therefore, especially if consisting" only of a few flakes, after 
washing, be treated witn ammonia, the Solution evaporated, with addition 
of a small quantity of carbonate of soda, and the residue fiised with 
'Cyanide of potassium in a stream of carbonic acid, to make quite sure by 
tue production of an arsenical mirror. The residue, insoluble in car- 
bonate of ammonia, should be treated as directed in 2. 

4. If sulphide of antimony, sulphide of tin, and sulphide of arsenic are 
dissolyed in sulphide of potassium, a large excess of a concentrated Solu- 
tion of sulphurous acid added, the mixture digested for some time 
on the water-bath, boiled until all sulphurous acid is expelled, then 
filtered, the filtrate contains all the arsenic as arsenious acid (which 
may be precipitated from it by hydrosulphuric acid), whilst tersulphide 
of antimony and bisulphide of tin are left behind undissolved (Bunsen). 
These latter may then be treated as directed in 2. 

5. In the analysis of alloys, binoxide of tin, teroxide of antimony, and 
arsenic acid are onen obtained together as a residue insoluble in nitric 
acid. The best way is to iuse this residue with hydrate of soda in a 
silver crucible, to treat the mass with water, and add one-third (by 
volume) of spirit of wine ; then to filter the fluid offfrom the antimonate 
of soda, which remains undissolved, and wash the latter with spirit of 
irine mixed with a few drops of Solution of carbonate of soda. In the 
presence of much tin it is advisable to repeat the above treatment on the 
residue, in order to extract all the tin. The filtrate is acidüied with 
hydrochloric acid, and the tin and arsenic are then precipitated as sul- 
pnides, with the aid of heat. On heating the precipitated sulphides in 
a stream of hydrosulphuric acid gas the whole of the tin is lerb as sul- 
phide, whilst the sulphide of arsenic volatilizes, and may be received in 
Solution of ammonia (H. Rose). 

6. For the method of separating antimony and arsenic, and dis- 
tinguishing between the two metals, by treating with hydrosulphuric 
acid the mirror produced by Marsh's process, and separating the result- 
ing sulphides by means of hydrochlonc acid gas, I refer to § 132, 10. 
Antimony and arsenic may, however. when mixed together in form of 
hydrogen Compounds, be separated also in the folfowing ways. a, 
Conduct the gases mixed with an excess of hydrogen, first through a 
tube containing glass splinters moistened with Solution of acetate of lead, 
to retain the hydrochloric and hydrosulphuric gases, then in a slow 
stream into a Solution of nitrate of silver. Almost all the antimony in 
the gas falls down as black antimonide of silver ( Ag, Sb), whilst the 
arsenic passes into the Solution as arsenious acid, with reduction of 
the silver, and may be detected in the fluid as arsenite of silver, by 
cautious addition of ammonia, or — after precipitating the excess of silver 
by hydrochloric acid — by means of hyorosulphuric acid. Since, how- 
ever, a Utäe antimony uways passes into the Solution^ the hydrosul- 
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pharic acid precipitate mast not be put down as sulphide of arsenic 
withoat furtner examination, nccording to § 132, 12. In the precipitated 
antimonide of silver, which is often mixed with inuch silver, tne antimony 
may be most readily detected, by heatin^ the precipitate — thorouf^hly 
freed from arsenious acid by boilmff with water — with tartaric acid and 
water to boiling. This will dissolve the antimony alonc, which may 
then be readily detected by means of hydrosulphuric acid in the Solution 
acidified with hydrochloric acid (A. W. Hofmann), b. Conduct the 
gases mixed with an excess of hydrogen throu^h a rather wide glass 
tube, 3 or 4 inches of which are filled with canstic potassa in small 
lumps. The potassa decomposes the antimonetted hydrogen entirely 
becomiofi^ coated with a lustrous film of metal. The arsenetted 
hydrogen is on the contrary not decomposed, and may be detected 
readily on its exit from the tube by the production of the arsenica] 
mirror (§ 132, 10) or by its action on Solution of nitrate of silyer 
(Draoendorff). 

7. l*rotoxide and Innoxide of tin may be detected in presence of each 
other, by testing* one portion of the Solution for the protoxide with 
Chloride of mercury, terchloride of g-old or a mixture of ferricyanide of 

totassium and sesquichloride of iron, and another portion for the 
inoxide. by pouring it into a concentrated hot Solution of sulphate of 
8oda. For tne last test the Solution must not contain much iree 
acid. 

8. Teroxide of antimony in presence ot anümonic acid maybe identified 
by the reaction described in § 131, 9. Antimonic acid in presence of 
teroxide qfantimonify by heating the oxide, which must be free from other 
bodieSy with hydrocmoric acid and iodide of potassium (§ 131, 2 and 3). 

9. Arsenious acid and arsenic acid in the same Solution may be distin- 
goished by means of nitrate of silver. If the precipitate contains little 
arsenate and much arsenite of silver it is necessary, in order to identiiy 
the fbrmer, to add cautiously and drop by drop most highly dilute nitric 
acid, which dissolves the yellow arsenite of silver first. A still safer 
way to detect small quantities of arsenic acid in presence of arsenious 
acid is to precipitate the Solution with a mixture of sulphate of mag- 
nesia, chloride of ammonium, and ammonia (§ 132, 9), by which means 
an actual Separation of the two acids is effected. Arsenious acid may 
be recognised in presence of arsenic acid by the immediate precipitation 
of the acidified Solution with hydrosulphuric acid in the cold ; also by 
the reduction of oxide of copper m alkaune Solution ; also by the Separa- 
tion of metallic silver by bouing the ammoniacal Solution of the silver 
8alts. To ascertain the de^ee of sulphuration of a sulphide of arsenic 
in a sulphur salt, boil the alkaline Solution of the salt under examination 
with hydrate of teroxide of bismuth, filter off from the tersulphide of 
bismuth formed. and test the filtrate for arsenious and arsenic acids. 
To distinguish between the ter- and pentasulphide of arsenic, extract 
iirst the sulphur which may be present by means of sulphide of carbon, 
then dissolve the residue in ammonia, add nitrate of silver in excess, 
filter ofiT the sulphide of silver, and observe whether arsenite or arsenate 
of silver is formed upon addition of ammonia. 
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Special Beactiont of the rarer Oxides of the Sixth Chroup. 

§136. 
a. Oxide of Ibidium. 

Iridium ib found in oombioation with platinum and other metals in platinum orea, 
also, and more especiaÜy, as a native alloy of osmium and iridium. Alloyed with 
platinum, it Las of late been employed for crucibles, &c. Iridium resembles pla- 
tinum, but it is brittle ; it fuses with extreme diffioulty. In the compact State, or 
reduced at a red beat by hydrogen, it dissolves in no acid, not even in aqua reg^a 
(diiSerence between iridium and gold and platinum) ; reduced in the meist way, say 
by formic acid, or largely alloyed with platinum, it dissolves in aqua r^a to bichloride. 
Acid nUpJuUe ofpotaua in a State of fusion will oxidize, but not dissolve it (differenoe 
between iridium and rbodium). It oxidizes by fusion with Hydrate ofeodaf with access 
of air, or by fusion with nitrate of soda. The Compound of sesquioxide of iridium with 
soda, which is formed in this process, dissolves partially in water ; by heating with 
aqua regia it gives a deep-black Solution of bichloride of iridium and chloride of sodium. 

If iridium powder is mixed with chloride of sodium, the mixture heat«d to inci- 
pient redness, and treated with cMorine gas, sodio- bichloride of iridium is formed, 
which dissolves in water to a deep reddish-brown fluid. Potaua^ added in excess, 
culors the Solutions greenish, a little brownish-black potassio-bichloride of iridium pre- 
cipitating at the same time. If the Solution is heated, and exposed some time to the 
air, it acquires at first a reddish tint, which changes afterwards to azure blue (charac* 
teristio difference between iridium and platinum) ; if the Solution is now evaporated to 
dryness, and the residue treated with water, a colorless fluid is obtained, with a blue 
deposit of binoxide of iridium left undissolved. ßydroiulphvrie acid in the first place 
decolorizes Solutions of bichloride of iridium, protochloride is formed, with Separation 
of sulphur, and finally brown sulphide of iridium precipitates. Sulpkide of ammonium 
produces the same precipitate, which redissolves readily in an excess of the precipitant. 
Chloride of potauium precipitates potassio-bichloride of iridium as a dark-brown 
powder, insoluble in a concentrated Solution of chloride of potassium. Chloride of 
ammonium precipitates from concentrated Solutions ammonio-bichloride of iridium in 
the form of a dark-red powder, consisting of microscopic octahedrons, insoluble in con- 
centrated Solution of chloride of ammonium. This double-salt (and also the corre- 
spooding potassium Compound), especially when in bot Solution, is tumed olive-green 
by nitrite of potassOf owing to the forroation of a double salt of the sesquichloride of 
iridium [2 (K Cl, Ir Gl,) + K O, N O, = 3 K Cl, Ir, Gl, + N O J ; this double salt crystal- 
lizes out on cooling. On heating or evaporating the green Solution with an excess of 
nitrite of potassa it tums yellow, and when boited deposits a white precipitate which 
is hardly soluble in water and hydrochloric acid. (This reaoUon may be taken advan- 
tage of to separate iridium from platinum, Gibbs.) If the ammonio-bichloride of 
iridium is dissolved in water by boiling, and oxalic a>cid is added, a reductioii of the 
bichloride to sesquichloride takes place, and on this account the Solution remains dear 
on cooling (here iridium difiers from platinum, G. Lea). If protochloride of tin is 
added to bichloride of iridium and the Solution is boiled, and tben excess of potassa is 
added and the mixture is boiled as^ain, a leather-colored precipitate is formed. Sidphate 
of iron decolorizes the Solution, but does not produce a precipitate. Zinc precipitates 
black metallio iridium. On suspending binoxide of iridium in a Solution of nitrite of 
potassa f saturating with stUphurous acid and boiling with renewal of the evaporating 
water tili all the free sulphurous acid is expelled, the whole of the iridium is oonverted 
into insoluble sulphite of binoxide (any binoxide of platinum which may be present 
will remain dissolved as sulphite of protoxide of platinum and potassa, G. Bibnbadm). 
Ignited with carbonate of soda in the upper oxidizing flame Compounds of iridium ^ield 
the metal, which when elutriated out is gray, devoid of lustre, and without ductihty. 

h, OXIDIS OF MOLTBDENTJM. 

MoLTBDKKUM IS not largely disseminated in natnre, and is fonnd only in moderate 
quantities, more especially as sulphide of molybdenum and as molybdate of lead (yellow 
lead ore). Since the use of molybdate of ammonia as a means of detecting and deter- 
mining phosphoric acid, molybdenum bas acquired considerable importance in practical 
chemistry. MoLTBDKNOif is tin- white and hard, when heated in the air it oxidizes, it 
is soluble in nitrio acid and very difficult to fuse. Tbe pbütoxidb and sksqüioxijdi 
are blaok, the butoxidb is dark-brown. When heated in the air or treated with nitrio 
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add tlie metol and oxidet are tXL oonverted into moltbdio actd (Mo Og). Tbe Utter is 
a vhite poroua man, wbieh io water aeparates into fioe scales, and diMolvea to a alight 
ezteot ; it fusea at a rad heat, in cloae Tesaela it volatilizas only at a very high tempe- 
ratare, in tbe air it Tolatüizea eaaily at a red heat and aublimes to tranaparent lamiue 
aod needles. On igniting it in a current of hydrogen it ia firat converted into the binoxide, 
aod afterwarda by atrong and long-continoed heating into the nietal. The non-ignited 
nidybclio acid diaaolvea in aoida. The aolotiona are colorleaa ; the hydrochloric aolu- 
tioD ia oolored by oontact with zino aoon, on addition of protocbloride of tin imme- 
diately ; tbe color being brown, sreen or bloe according to the proportion of redocinff 
agent and tbe ooncentration of the fluid. Digeated with copper tbe aulphuric acid 
ao^tioD ton» blue, tbe hydrochloric acid aolution brown. The reaction often requirea 
aoBM time. Ferrocyamde ofpotaanum producea a reddiah^brown precipitate, infunon 
9/ galU a green precipitate. Ifydroiulpkuric acid^ added in amall proportion, imparta 
a bliie tiot to tbe aolutiona of molybdio acid ; added in larger proportion it produoea 
a browniab-bbuik precipitate ; the fluid oyer the Utter at firat appeara green. But 
after being allowed to atand for aome time, and heated, additional quantitiea of hydro- 
nlphoric acid being repeatedly oonducted into it, the whole of the molybdenum preaent 
will nltimately tbough alowly aeparate aa browniah-black teraulphide of molybdenum. 
Tbe precipitated teraulphide of molybdenum disaolyea in aulphidea of the alkidi metala ; 
aeida precipitate from the aulphur aalta the aulphur acid (Mo S,), application ol heat 
promotea tbe Separation. By heating to redneaa in the air, or oy heating with nitrio 
add, aolpbide of molybdenum is converted into molybdic acid. If a aolution of 
molybdic add in exceea of ammonia ia mixed with yellow aulphide of ammonium, and 
boiled for aome time, a dark>red liquid of great depth of color ia furmed in addition to 
the browniab-black precipitate, unleaa a very large exceaa of aulphide of ammonium ia 
preaent. Sulpbocyanide of potaaaium, if added to a aolution of molybdic aoid contain- 
ing hydrochloric acid, produoea no color until zinc ia added, when the fluid becomea 
crimaon ; tbe ooloration ia due to the formation of a aulphocyanide of molybdenum 
oorreaponding to the binoxide or aeaquioxide. Pboaphoric acid doea not deatroy the 
eolor (differenoe from aulphocyanide of iron). On ahaking the red fluid with ether, the 
latter becomea ook>red (C. D. Braun). 

Molybdio acid diaaolvea readily in aolutiona of pure aÜcaliea and eturhonaU» of the 
aOtalieg ; from concentrated aolutiona miXric ctcid or hydrochloric acid throwa down 
molybdio add, which rediaaolvea in a large exceaa of tbe precipitant. The aolutiona of 
molybdatea of tbe alkaliea are oolored yellow by hydrotulphuric acid, and give after- 
wania, npon addition of acida, a browniah-black precipitate. For the deportment of 
molybdio aoid with phosphoric acid and ammonia, aee § 142, 10. 

Molybdio add volatüizea when heated on charcoal in the oxidizing fiame, coating 
tbe charcoal with a yellow, often cryatalline, powder, which turna white on cooling. 
In tbe redueingßame the acid anffera reduction to the metallic aute, the molybdenum 
ia obtained aa a gray powder by elutriating the charcoal aupport iSulphide of m(»iyb- 
denum givea in the oxidizing flame aulphuroua acid and an incruatation of molybdic 
add on the charcoal. 

e. OXIDBS OF TUKOSTEV. 

Uns netal moat oommonly occura in nature in the forma of tungatate of lime and 
of a double tungatate of protoxide of iron and protoxide of manganeae called wolfram. 
Obtained by the reduction of tungatio add in a current of hydrogen at an intenae red 
beat^ it ia an iron-gray powder, very difficultly fuaible. Thia powder ia converted by 
ignition in the air into tungatic acid (W O,) ; by ignition in a current of dry air-free 
cblorine into dark violet terchloride which aubUmes, and a more volatile red Com- 
pound (W Cly W Gl,). Theae chloridea are decomp(»8ed by water into the oorre- 
aponding hydrated oxidei and hydrochloric acid. Tungaten ia inaoluble or acarcely 
aoluble in acida, even in aqua regia, and alao in potaaaa ; it diaaolvea, however, in the 
laUer if mixed with Chloride of aoda. Binoxidb of tunostkm ia black ; by intenae 
ignition with free acceaa of air it ia converted into tungatic acid. ToNOSTio acid ia 
lemon-yellow, fixed, inaoluble in water and adda. By fuaing tungstio acid with acid 
aolpbate of potaaaa, and treatlng the fuaed maaa with water, an acid aolution ia 
obtained, which containa no tungatic acid ; after the removal of thia aolution the 
rendue^ conaiating of tungatate of potaaaa and a large exceea of tungatic add, com- 
pletely diaaolvea in water containing carbonate of ammonia (meana of aeparating 
tungatic from silidc acid). Tungstatea of the alkaliea aoluble in water are formed 
readOy by fiiaion with alkaline carbonatea, but with diffioulty by boiling with aolution 
of the same. Hydrochloric acid, nitric add, and tvlphwric acid produoe in tbe aolution 
of theae tnngatatea white predpitatea, which tum yellow on boiling and are inaoluble in 
an exoeat of tbe adda (differenoe from molybdic add), but aoluble in ammonia. Upon 
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eraporating with an ezcess of hydrochloric acid to dryness, and treating the residue 
with water, the tungstic acid is left undissolved. Chloride of harium, ehhridt of 
ctUciuMf cuxtate oflead, nitraU oftilver, nitrcue of whoxide of mcrcwry produce white 
precipitatea. Perrocyamde of potoMsium, with addition of some acid, colors the fluid 
deep brownish-red, and after some time produces a precipitate of the same color. 
Tincture ofgallt, with a little acid added, produces a brown precipitate. HydroavJr 
fhuric cund barely precipitatea acid Solutions. Svlphide of ammonium fails to pred- 
pitate Solutions of tungstates of alkalies ; upon acidifying the mixture light-brown 
tersulphide of tungsten precipitates, which is slightly smuble in pure water, but 
insoluble in water containing salts. Protochlonde of tin produces a yellow precipi- 
tate ; on acidifying with hydrochloric acid, and applying heat, this precipitate aoquires 
a beautiful blue color (highly delicate and oharacteristic reaction). If Solutions of 
tungstates of alkalies are mixed with hydrochloric acid, or, better still, with an excess 
of phosphoric acid, and zinc is added, the fluid aoquires a beautiful blue color. Phot» 
phate of 9oda and ammonia dissolves tungstic acid. The bead, exposed to the 
oxidizing flame, appears clear, varyinff from colorless to yellowish ; in the reducing 
flame it acquires a pure blue color, and upon addition of sulphate of protozide of iron 
a blood-red color. By mizing with a litUe carbonate of toda^ and exposing in the 
cavity of the charooal support to the reducing flame, tungsten in powder is obtained, 
whiclvmay be separated by elutriation. The tungstates whioh are insoluble in water 
may, most of them, be decomposed by digestion with aoids. Wolfram, which strongly 
resists the action of acid, is fused with carbonalied aikali, when water will dissoive out 
of the fused mass the tungstate of alkali fonned. 

d, Oxides of Tkllubiux. 

TiLLURivif is not widely disseminated, and is found in small quantities only in the 
native State, or alloyed with other metals, or as tellurous acid. It is a white brittle, 
but readily fusible metal, which may be sublimed in a fflass tube. Heated in the air 
it bums with a greenish-blue flame^ emitting thick white fumee of tellurous acid. 
Tellurium is insoluble in hydrochloric acid, but dissolves readily in nitric acid to 
tellurous acid (Te 0,K Tellurium in powder dissolves in cold concentrated sulphurio 
acid to a purple-coloured fluid, from which it separates again upon addition of water. 
Telldbous acid is white ; at a geutle red heat it fuses to a yellow fluid ; it is vola- 
tilized by streng ignition in the air, forming no crystalline Sublimate. The anhydrous 
acid dissolves readily in hydrochloric acid, sparingly in nitric acid, freely in Solution of 
potassa, slowly in ammonia, barely in water. The hydrate of tellurous acid is white ; 
it is perceptibly soluble in cold water, and dissolves in hydrochloric acid and in nitric 
acid. By addition of water white hydrate is thrown down from the Solution, and from 
the nitric acid Solution nearly the whole of the tellurous acid separates after some time 
as a crystalline precipitate, even without addition of water. Pure cUkalies and carbo- 
nate9 of the alkalieä throw do¥m from the hydrochloric acid Solution white hjdrate, 
which is soluble in an excess of the precipitant. Hydrotulphuric acid produces in 
acid Solutions a brown precipitate ^Te S,, in color like protosulphide of tin), which 
dissolves very freely in sulphide of ammonium. Svlphite of Boda^ protochloride oftin, 
and fdnc precipitate black nietallio tellurium. Tbllubio Aom (TeO,)i8 fonned by 
fusing tellurium or tellurites with nitrates and carbonates of the alkalies. The fused 
mass is soluble in water. The Solution remains clear upon acidifying with hydrochloric 
acid in the cold ; but upon boiling chlorine is disengaged, and tellurous acid formed, 
and the Solution is therefore now precipitated by water if the excess of acid is not too 
great If tellurium, its sulphide, or an oxygen Compound of the metal is fused with 
Cyanide ofpoiasiium in a stream of hydrogen, a Cyanide of tellurium and potassium is 
formed. The fqsed mass dissolves in water, but a current of air throws down from 
the Solution the whole of the tellurium (difference and means of separating tellurium 
from selenium). When tested in the dry way by Bumbsm'b method (p. 28^ the com- 
pounds of tellurium give a grayish-blue color in the upper reducing flame, while at the 
same time the upper oxidizing flame appears green. The volatUization is unaccoro- 
panied by any odor. The ina'ustation producta by reduciion is black, with a blackish- 
brown edge, and gives a crimson Solution when heated with concentrated sulphurio 
acid. The incruatation of oxide is white, scaroely visible ; protochloride of tin colors it 
black, metallic tellurium being separated. When heated with carbonate of »oda in 
the itick of chareoai Compounds of tellurium yield telluride of sodium, which whei% 
placed on clean silver and moistened produces a black mark, and when treated with 
hydrochloric acid (in th» presence of enough tellttrittm) givet aa odor of teUuretted 
hydrogen with Separation of teUorium. 
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€. OXIDIS OF SbLXNIUM. 

SnnnüX ooonrB in naiare in ihe form of selenidM of metals. It is found occa- 

BonaBj in Üie dtni of roMtiog-fumaoet, and abo in ihe Nordbauaen oil of vitriol. It 

ranmUfli ralphur in lome rMpeoU, tellurinm in oüien. Fused selenium is grayiah- 

Uack ; it TolatiKaea at a high temperature, and maj be anblimed. Heated in the air 

it burns to Mlenioua acid <Sa O,), exhaling a cbaraoteriatic iimeli of decaying hone- 

radiib. Conoentrated solpharic acid dinolyes selenium witbout oxidizing it ; upon 

dihiting the aolution the seienium falls down in red flakes. Nitric acid and aqua regia 

dumAwe aelenium to sblbviodb acid. The Utter is converted at 200° into a yellow 

fm. Sablimed anhjdrous telenious acid appean in form of white foar-sided needW, 

ite hydimta in the form of crystala retembling tboae of nitrate of potassa. Both the 

»cid and its hydrate diiaolTe readily in water to a strongly acid fluid. Of the neutral 

nltB only tboee with the alkalies are eoluble in water ; tbe Solutions have alkaline 

reactlotta. All selenites cUssolve readily in uitric acid, with the exception of the 

isleDitea of lead and silTer, which dissolve with diifioulty. ffydroniphuric acid 

prodnoes in aolntioQS of selenious acid or of selenites (in presence of free hydrochlorio 

acid) a yellow predpitate of bulphidb of bklsnium (?) which, upon heating, tums 

reddish-yellow, soluble in sulphide of ammonium. Chloride of barium produces (after 

oeutralizatioin of the free acid, should any be present), a white precipitate of sklenitb 

QP EAXTTA, whioh is soluble in hydrochloric acid and in nitric acid. Protochloride of 

(tu or 9ulphurau9 acid^ with addition of hydrochloric acid, produces a red precipitate 

of aiLKiriuic, which tums mj at a high temperature. Meiallic copper when placed 

in a warm Solution of selenious acid containing hydrochloric acid becomes immediately 

oosted black ; if the fluid remains long in contact with the copper, it tums light red 

from Separation of selenium (Riufsca). Sblknic aoid is fonued by heating selenium 

or its Compounds with carbonates and nitrates of tbe alkalies. The fused mass disaolves 

in water ; the Solution remains clear upon acidifying with hydrocblodc acid ; when 

ooDoentrated by boiling, it evolves chlorine, whilst tbe seien ic acid is reduced to 

ideoious acid. By lusing selenium or its Compounds with Cyanide of potatsium in a 

stream of hydrogen m, a oyaiiide of selenium and potassium is obtained, from wbich 

tbe selenium is not eliminated by the action of the air (as is the case with tellurium) ; 

it Mparatety howeyer, upon long continued boiling, after addition of hydrochloric acid. 

When teeted according to p. 28, Compounds of selenium give a blue color to theflame^ 

sod by tolatüization and combustion of tbe vapor the above-mentioned odor is 

endtted. The incrtutation produced by reduction is brick-red to cberry-red, and gives 

a dirty green Solution with conoentrated sulpburic acid. The incruttation of oxvde is 

white, md when moistened with protochloride of tin becomes red from separated 

wleuium. In the chctrcoal ttide with carbonate of ioda seleuide of sodium is furmed, 

vhich when placed on silver and moistened produces a black mark, and when treated 

with aoids yields selenetted hydrogen« f 



B. — ^Deportment of the Acids and thrir Radicals. 

§136. 

The reagents which serve for the detection of the acids are divided^ 
like thofie used for the detection of the bases, into qeneral reaoents, 
t.f.y such as indicate the group to which the acid under examination 
belongs ; and special reaqents^ i.e., such as serve to eiSect the detec- 
tion and identification of the individual acids. The groups into 
vhich we classify the yarious acids can scarcely be defined with the 
eame deg^e of precision as those into which the bases are divided. 

The two principal groups into which acids are divided are those 
of inoroanic and organic acids. We base this division upon those 
characteristics by which, irrespectively of theoretical considerations, the 
ends of analysis are most easily attained. We select therefore here, as 
the characteristic mark to guide us in the Classification into organic and 
inorganio acids, the deportment which the various acids manifest at a 
h^h temperature, and call organic those acids of which the ßalts — 
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(particularly those which have an alkali or an alkaline earth for base) 
— are decomposed upon ignition, with Separation of carbon. By select- 
ing this deportment at a higb temperature as the distinctive charac- 
teristic of organic acids, we are enabled to determine at once by a most 
simple preliminary ezperiment the class to which an acid belongs. The 
salts of organic acids with alkalies or alkaline earths are converted into 
carbonates when heated gently to redness. 

Before proceeding to tne special study of the several acids considered 
in this worlc, I give here, as 1 have done with the bases^ a general view 
of the whole of them classified in groups. 

I. Inoroanic Acids. 

FIRST OROUP : 

Division a, Chronde aeid (sulphurons and hyposulphurous acids^ 

iodic acid). 
Division h, Sulphuric acid (hydrofluosilicic acid). 
Division c. Phosphorie acid, haracic acid, oxalic acid, hydroßuaric acid 

(phosphorous acid). • 
Division d, Carbanic acid, süido acid. 

SECOND GROUP : 

Chlorine and hydrochlorie acid ; hromine and hydrobromie acid ; iodine 
and hydriodic acid; cyanogen and hydrocyanic acid, 
together with hydroferra- and hydroferricyanic acids; 
sulphur and hydrosulphuric acid (nitrous acid, h}'pochlo- 
rous acid; chiorous acid, hypophosphorous acid). 

THIRD GROUP : 

Nitric acid, chloric acid (perchloric acid). 

II. Organic Acids. 

FIRST GROUP : 

Oxalic acid, tartaric acid, citric acid, malic acid (racemic acid). 

SECOND GROUP: 

Succinic acid, bemoic acid, k 

THIRD GROUP : 

Äcetic acid,fvrmic acid (lactic acid, propionic acid, butyric acid). 

The acids printed in italics are more frequently met with in the 
examination of minerals, waters, ashes of plants, industrial products, 
medicines, &c. ', the others are more rarely met with. 



I. Inorganic Acids. 

§137. 

First Chroup, 

Acids which are precipitated from Neutral Solutions by 

Chloride of Barium. 

This group is again subdivided into four divisions, viz. : 
1. Acids whicn are decomposed in acid Solution by hydrosulphuric acid, 
and to which attention has therefore been directed already in the 
testing for bases, viz.^ chromio acid (sülphurous acid and hjposid« 
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phurous acidy the latter because it is decomposed and detected by the 
mere addition of hydrochloric acid to the Solution of one of its salts ; 
and also iodic acid).* 
S. Acids which are not decomposed in acid Solution bv hydrosulphuric 
acid, and the barjta Compounds of which are insolubie in hydrochloric 
acid: sulphüric acid (hydrofluosilicic acid). 

3. Acids which are not decomposed in acid Solution by hydrosulphuric 
acid, and the baryta Compounds of which dissolve in hydrochloric 
acid, apparently without aecomposition, inasmuch as the acids cannot 
be completely separated from the hydrochloric acid Solution by heating 
or evaporation: phosphoric acid, boracic acid, oxalic acid, 
HTDROFLUORic ACID (phosphorous acid). (Oxalic acid belongs 
more properly to the organic group. We conöider it, however, here 
with the Hcias of the inorgnnic class, as the property of its salts to be 
decomposed npon i^ition without actual carbonization may lead to 
its being oyerlooked as an organic acid.) 

4. Acids which are not decomposed in acid Solution by hydrosulphuric 
acid, and the baryta salts of Vhich are soluble in hydrochloric acid 
with Separation of the acid : carbonic acid, silicic acid. 

First Division of the First Group of the Inorgame Äeids, 

§138. 

Chromio Acid (CrOJ. 

1. Chromic acid appears as a scarlet crystalline mass, or in the 
form of distinct acicular crystals. Upon ignition it is resolved into 
sesquioxide of chromium and oxygen. It deliquesces rapidly upon ex- 
posure to the air. It dissolves in water, imparting to the fluid a deep 
reddish-yellow tint, which remains visible in very dilute Solutions. 

2. The CHROMATES are all red or yellow, and for the most part 
insolubie in water. Part of them are decomposed upon ignition. 
Those with alkaline bases are soluble in water, and when neutral are 
fixed; the Solutions of the neutral alkaline Chromates are yellow, those 
of the alkaline bichromates are reddish-yellow. These tints are visible 
in highly dilute Solutions. The yellow color of the Solution of a 
neutral salt changes to reddish-yellow on the addition of an acid, owing 
to the formation of an acid Chromate. 

t3. Hydrosulphuric acid acting upon the acidified Solution produces 
first a brownish coloration of the fluid, then a green coloration, arising 
from the salt of sesquioxide of chromium formed ; this change of color 
is attended with Separation of sulphur, which imparts a milky appear- 
ance to the fluid [K 0, 2 Cr 0, + 4 (HO, SO.) + 3 HS = KO, ÖO, + 
Cr, 0^ 3 SO, + 7 HO + 3 S]. Heat promotes this reaction, part of the 
sulphur being in that case converted into sulphüric acid. 

4. SuLphide of ammonium^ when added in excess to a Solution of an 

• 

* To thiB fifst divition of the fint groap of inor^oic acids belong properly also all 
tbe oxygen oompoondt of a distinctly pronoanced acid oharaoter, which bave been 
diacnieed already with the Sixth Group of the metallic ozides (acidt of anenio, antimony, 
■dcoiniD, &C.). Bat as the reaction of these oompoands with hydrosulphuric acid 
teodt to lead to ooofounding them rather with other metallic ozidea than with other 
äeidsy it appeared the safer oourse lo class these Compounds^ which may be said to 
stand between the bases and the adds, wilh the metallio oxides. 



172 CHROMIC ACID. [§ 138. 

acid Chromate of an alkali, immediately produces a bluish-graj-green 
precipitate of hjdrated Chromate of sesquioxide of chromium ; 
on boiling the whole of the chromium separates as green hydrated 
oxide. In a Solution of neutral Chromate of potassa at first a dark 
brownish coloration alone is produced, but the bluish-gray-green 
precipitate above mentioned soon separates. 

5. Ghromic acid may also be reduced to sesquioxide by means of 
many other substances, and more particularly by stdphurous acid, by 
heating' with concentrated hydrochloric add, or wim the dilute acid and 
alcohol (in which case chloride of ethyl and aldehyde are evolved), by 
metallic zinCy by heating^ with tartaric acid, oxalic acid, &c. All these 
reactions are clearly characterized by the change of the red or yellow 
color of the Solution to the green or yiolct tint of the salt of sesquioxide 
of chromium. 

6. Chlorids of barium produces in aqueous Solutions of Chromates a 
yellowish -white precipitate of Chromate of baryta (Ba 0, Cr OJ, 
soluble in dilute hydrochloric and nitric acids. 

7. Nitrate of süver produces in aqueous Solutions of Chromates a 
dark purple-red precipitate of Chromate of silver (AgO, Cr OJ 
soluble in nitric acid and in ammonia ; in slightly acid Solutions it pro- 
duces a precipitate of bichromate of silver (Ag 0, 2 Cr 0,). 

8. Äcetate of lead produces in an aqueous or acetic acid Solution of 
a Chromate a yellow precipitate of Chromate of lead (Pb 0, Cr 0,), 
soluble in potassa, sparingly soluble in dilute nitric acid, insoluble in 
acetic acid. Upon heating with alkalies the yellow neutral salt is con- 
verted into basic red Chromate of lead (2 Pb 0, Cr 0,). 

9. If a very dilute acid Solution of peroxide of hydroffen* (about 6 or 
8 c.c.) is covered with a layer of ether (about half a centimetre thick), 
and a fluid containing chromic acid is added, the Solution of peroxide of 
hydrogen acquires a fine blue color. By inverting the test-tube, closed 
with the thumb, repeatedly, without much shaking, the Solution becomes 
colorless, whilst the ether acanires a blue color. The latter reaction is 
particularly characteristic. One part of Chromate of potassa in 40,000 
parts of water suffices to produce it distinctly (Storer) ; presence of 
vanadic acid materially impairs the delicacy of the test (Werther).! 
The blue coloration is in all probability caused by a combination of 
chromic acid with peroxide of nydrogen. After some time reduction 
of the chromic acid to sesquioxide taKes place, and at the same time 
decoloration of the ether. 

10. If insoluble Chromates are fiised with carbonate and nitrate of soda, 
and the fused mass is treated with water, the fluid obtained appears 
yellow from the alkaline Chromate which it holds in Solution ; upon the 
addition of an acid the yellow colonr changes to reddish-yellow. The 
Oxides are lefb either in the pure State or as carbonates, unless they are 
soluble in the caustic soda formed from the nitrate. 



* Solution of peroxide of hydrogen may be easily prepared by triturating a frag- 
ment of peroxide of barium (about the size of a pea) with some water, and adding 
it with stirring to a mixture of about 80 c.o. hydrochlorio acid, and 120 o.e. water. 
The Solution keeps a long time witbout sufferingdeoomposition. In delault of peroxide 
of barium, inipure peroxide of sodium may be used instead, whioh ia obtained by 
heating a fragment of sodium in a poroelain capsole nntil it takes fixe, aad letting 
it bum. 

f Joüm, t prakt Ohem. 88, lOff. 
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11. The Compounds of chromic acid sliow the same reactions with 
phaspkate of soda and ammonUi and with borax in the blowpipe ilaine, as 
the Compounds of sesquioxide of chromium. 

12. Verj minute quantities of chromic acid maj be detected by 
one of the rollowin^ methods: a. mix with the fluid, sli^htly acidified 
with sulphuric acid, a little tincture of guaiacum (1 part of the resin to 
100 parts of alcohol of 60 per cent.) when an mtense blue coloration 
of the fluid will at once make its appearance, speedily vanishing again, 
however, where mere traces of chromic acid are present (H. Schiff) ; 
h. mix the Solution of the alkaline Chromate, which must be as neutral 
as possible with some dilute decoction of logwood, when a yery intense 
black coloration will be produced ; in the presence of exceedingly small 
quantities of chromic acid the color is violet-red (R. Wildenstein). 

Chromic acid being reduced by hydrosulphuric acid to sesquioxide 
of chromium, thisacid is in the course of analysis always found in the 
examination for bases. The intense color of the Solutions containihg 
chromic acid, the excellent reaction with peroxide of hydrogen, and the 
characteristic precipitates produced by Solutions of salts of lead and 
salts of silver, aflbrd moreover ready means for its detection. For 
the discovery of traces of chromium present in many minerals, for 
instance in Serpentine, the reactions in 13 may be used after the 
mineral has been fused with alkaline carbonate and nitrate. 

Barer Acidi ofthe Firtt Divisum, 

§139. 

a, SuLPHUROUs Acid (SO,). 

SuiPHUBOUB AOID ifl a colorless, unioilaromable gas, which exhales the stifling odor 
of buming sulphur. It dissolves copioualy in water. The Solution has the odor of 
tbegaSy reddens litmus-paper, and bleaches BrazU-wood paper. It absorbs oxygen 
from the air, and is thereby oonverted into sulphuric acid. The salts are colorless. 
Of the neutral sulphites, those with alkaline baHO only are readily soluble in water ; 
many of the sulphites insoluble or sparingly soluble in water dissolve in an aqueous 
Krintion of the sulphurous acid, bnt fall down again on boiling. All the sulphites 
evoWe tolphurous acid when treated with stdphunc acid, Cklorine water dissolves 
mosi sulphites to sulphates. Chloride of bariurn precipitates neutral sulphites, but 
not £ree sulphurous acid. The precipitate dissolves in hydroohloric acid. Hydroeul- 
pkurie ada deooroposes the free sulphurous acid, water and pentathionio acid being 
formed and free sulphur eliminated. If to a Solution of sulphurous acid mixed with an 
equal volume of hydrochlorio aoid, a piece of clean copper wire is added, and the mix- 
täte is boiled, the copper appears black, as if covered with soot, if much sulphurous 
acid is present; bat only dull if a little is present (ü. Kbimsou). If a trace of sul- 
pharoos aoid or of a sulphite is introduced into a flask in which hydrogen is being 
evcdred from zinc or aluminium and kydrochloric acid, hydrosulphuric aoid is irame- 
diately evolved along with the hydrogen, and the gas now produces a black coloration 
or a black precipitate in a Solution of acetate of lead to which has been added a 
sufficient quantity of soda to redissolve the precipitate which forms at first. Sol> 
pburous aoid is a powerful reducing agent ; it reduces chromic acid, permanganic 
acid, Chloride of mercury (to subchluride), decolorizes iodide of starch, produces a blue 
precipitate in a mixture of ferricyanide of potassium and sesquichloride of iron, &c. 
with a hydrochlorio aoid Solution of protocfuoride of Hn a yellow precipitate of bisul- 
PBIDB OF TIN is formed after some time. If an aqueous Solution of an alkaline 
sulphite 18 mixed with acetio acid just to give it an incipient aoid reaction, and is then 
added to a relatirely large amount of Solution of tulphate of tinc^ mixed with a veiy 
■mall qaantity of mtropmetide ofBodium, the fluid aoquires a red color if the quantity 
of the mlphite present is not too inconsiderable, but when the quantity of the sulphite 
u rerj minute the coloration makee its appeaiance onlj after adidition of some Solution 
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of ferrocyanide of potassium. If the qaantities are not altogether too miaute, a 
purple-red preoipitate will form apon the addition of the ferrocyanide of potasiium 
(Bödekbb). Hypoaulphites of the alkalies do not show this reaction. 

b, HTP08ULPHUB0UB AoiD (S3O,). 

This acid does not ezist in the free State. Most of its salts are soluble in water. 
The Solutions of most hyposulphites may be boiled without suffering decomposition ; 
hyposulphite of Urne is resolved upon boiling into sulphite of lime and sulphur. If 
hydrocfdoric acid or sulphwric acid is added to the Solution of a hyposulphite, the fluid 
remains at first clear and inodorous, but after a short time— the shorter the more 
conoentrated the Solution — it becomes more and more turbid, owing to the Separation 
of sulphur, and exhales the odor of sulphurous acid. Application of heat promotes 
this decomposition. Nitrate of tilver produoes a white precipitate of htposdlphits 
OF BILVEB. which is soluble in an excess of the hyposulphite ; after a little while 
(upon heating almost immediately) this precipitate turns black, being deconiposed 
into sulphide of silver and sulphuric acid. Hyposulphite of soda dissolvee chloride of 
silver ; upon the addition of an acid the Solution remains dear at first, but after some 
time, and immediately upon boiling, sulphide of silver separates. Chloride ofbarium 
produces a white precipitate. which is soluble in much water, more especially hot 
water, and is decomposed by hydrochloric acid. Ferrie c/doride colors the Solutions of 
alkaline hyposulphites redaish-violet (here they differ from alkaline sulphites) ; on 
Standing the liquid loses its color, especially wLen heated, protochloride of iron being 
formed. Acidified Solution of ehromic and is immediately reduced by hyposulphites, 
iodide of starch is at once decolorized. With ünc or aluminium and hffdrochloric acid 
the hyposulphites bebave like the sulphites. 

Where it is required to find sulphites and hyposulphites of the alkalies in presence 
of alkaline sulphides, as is ofteo the case, Solution of sulphate of zino is first added to 
the fluid until the sulphide is decomposed ; the sulphide of zinc is then filtered ofi^ and 
one part of the filtrate is tested for hyposulphurous acid by addition of acid, another 
portion for sulphurous acid with nitroprusside of sodium, &c. 

c. lODIO AoiD (lOJ. 

lODio ACfiD crystallizes in white, six-sided tables ; at a moderate heat it is resolved 
into iodiuc vapor and oxygen ; it is readily soluble in water. The salts are decom- 
posed upon ignition, being resolved either into oxygen and a metallic iodide, or into 
lodine, oxygen, and metallic oxide : the iodates with an alkaline base alone dissolve 
readily in water. Chloride of barium throws down from Solution of iodates of the 
alkalies a white precipitate of iodatb or babtta, which is soluble in nitric acid; 
nitrate of tilver a white granular-crystalline precipitate of iodate of silveb, which 
dissolves readily in ammonia, but only sparingly in nitrio acid. HydrosvXphurie acid 
throws down from Solutions of iodic acid iodine, which then dissolves in hydriodic 
acid ; the precipitation is attended with Separation of sulphur. If an excess of hydro- 
sulphuric acid is added, the fluid loses its color, and a further Separation of sulphur 
takes place, the iodine being converted into hydriodic acid. lodio acid combined with 
bases is also depomposed by hydrosulphurio acid. S^phuroua ocui throws down 
lODiKi, which upon addition of an excess of the add is converted into hydriodic 
«cid, 

Seeond Division of the First Grau/p of tkt Inorganie Äeids, 

Sulphuric Acid (SOJ, 

§140. 

1. Anhydhous sulphuric acid is a white- feathery-crystalline 
mass which emits streng' fumes upon exposure to the air ; hydrated 
sulphuric acid (which contains rather more water than corresponds 
to the formnla HO, SO,) forms an oily liquid, colorless and transparent 
like water. Both the anhydrous and hydrated acid char organic 
suhstances, and combine with water in all proportions, the process of 
combination bein^ attended with considerable elevation of temperature, 
gnd in the case of the anhydrous acid with a hissing noise. 
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2. The neutral sulphates are readilj soluble in water with the 
exception of the sulphates of baryta, strontia, lime, and lead. The 
basic sulphates of the oxides of the heavy metals which are insoluble 
in water dissolve in hydrochloric acid or in nitric acid. Most of the 
sulphates are colorless or white. The sulphates of the alkalies are not 
deoomposed bj ignition. The other sulphates are acted upon in diffe« 
rent ways by a red heat, some of them being readily decomposed, others 
with dimculty, and some resisting decomposition altogether. 

3. Chloride of barium produces even in exceedingly dilute Solutions 
of sulphuric acid and of the sulphates a finely-pulverulent, heavy, white 
precipitate of sulphate of bartta (Ba 0, S 0,), insoluble in dilute 
iiydrochloric and nitric acids. From very dilute Solutions the preci- 
pitate separates only after Standing for some time. Concentrated acids 
and concentrated Solutions of many salts impair the delicacy of the 
reaction. 

4. Acetate of lead produces a heavy white precipitate of sulphate of 
LEAD (Pb 0^ S 0,) which is sparingly soluble in dilute nitric acid, but 
dissolves completely in hot concentrated hydrochloric acid. 

5. The salts of sulphuric acid with the alkaline earths which are 
insoluble in water and acids are converted into carboxates, by fusion 
with alkaline carhonates, But the sulphate of lead is reducea to the 
State of OXIDE when treated in this manner. Both the conversion of 
the former into carbonates and the reduction of the latter to the State 
of oxide are attended with the formation of an alkaline sulphate. The 
sulphates of the alkaline earths and sulphate of lead are also resolved 
into insoluble carbonates and soluble alkaline sulphate by digestion or 
boiling with concentrated Solutions of carbonates of the alkalies (comp. 
§§95,96,97). 

6. Upon fusing sulphates with carhonate of soda on charcoal in tlie 
inner flame of the blowpipe, or heating them in the stick of charcoal 
(p. 24) in the Iower reaucing flame, the sulphuric acid is reduced, and 
sulphide of sodium formed, which may be readily recognised by the 
oder of hydrosulphuric acid emitted upon moistening the sample and 
the part of the charcoal into which the fused mass has peneträted, and 
adding some acid. If the fused mass is transferred to a clean silver 
plate, or a polished silver coin, and then moistened with water and 
some acid, a olack stain of sulphide of silver is immediately formed. 
(Compounds of tellurium and selenium give the same reaction.) 

Remarks, — The characteristic and exceedingly delicate reaction of 
sulphuric acid with salts of baryta renders the detection of this acid an 
easier task than that of almost any other. It is simply necessary to 
take care not to confound with sulphate of baryta precipitates of chloride 
of barium, and particularly of nitrate of baryta, which are formed upon 
mixing aqueous Solutions of these salts with fluids containing a large 
Proportion of free hydrochloric acid or free nitric acid. It is very easy 
to aistinguish these precipitates from sulphate of baryta, since they 
redissolve immediately upon diluting the acid fluid with water. It is 
a rule that should never be departed from, in testing for sulphuric 
acid with chloride of barium, to dilute the fluid largely ; a little hydro- 
chloric acid should also be added, which counteracts the adverse 
influence of many salts, as, for instance, citrates of the alkalies. 
Where very minute quantities of sulphuric acid are to be detected Äe 
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fluid should be allowed to stand several bours at a »"entle beat ; tbe trace 
of sulphate ofbaryta formed will in that case be round deposited at the 
bottom of tbe vessel. Wben tbe least uncertainty exists about tbe 
nature of tbe precipitate produced by cbloride of barium in presence of 
hydrocbloric acid, tbe reaction in 6 will at once set all douDt at rest. 
In lookinw- for very small quantities of sulphuric acid in the presence of 
mucb bydrocbloric or nitric acid, tbe greater part of tbe latter sbould 
first be evaporated off or neutralized. To detect free sulpburic acid in 
presence of a sulpbate tbe fluid is mixed witb a very little cane-sugar, 
and evaporated to dryness in a porcelain disb at 100°. If free sul- 
pburic acid was present a black residue remains, or in tbe case of most 
minute quantities, a blackisb-green residue. Otber free acids do not 
decompose cane-ßugar in this way. 

§141. 

Htdbofluobilioio Aom (H F, Si F,). 

Hydrofluosilicic acid is a veiy acid fluid ; npon evaporation on platinum it vola- 
tilizes completely as fluoride of Silicon and bydrofluorio acid. When evaporated in 
glaas it etcbes tbe latter. Witb bases it forms water and silico-fluorides of tbe metals, 
wbicb are most of tbem soluble in water, redden litmus-paper, and are resolved upon 
ignition into metallic fluorides and fluoride of Silicon. Chloride of barium fomis a 
oryKtalline precipitate witb bydrofluosilicic acid (§ 95, 6). Cbloride of Strontium and 
acetate of lead form no precipitatee witb tbis acid. ScUtt ofpotatta precipitate trans» 
parent gelatinous siLico-FLUOiUDB OF potassium ; ammonia in excess precipitates 
HTDRATED BiLioiC ACID, witb formation of fluoride of ammonicm. By beating 
metallic silico-fluoridee witb concentrated sulphuric acid dense fumes are emitted in 
the air, arising from tbe evolution of bydrofluorio and silicofluoric gas. If tbe experi- 
nient is conducted in a platinum vee!«el covered witb glass tbe fumee etch tbe glass 
(§ 146, 5) ; tbe residue contains tbe suipbatee formed. 

Third Division of the First Oroup of the Inorganic Acids. 

§142. 

a, Phosphoric Acid (P OJ. 

1. Phosphorus is a colorless, transparent, solid body, of 1*84 
specific ffravity ; it bas a waxy appearance. Taken internally it acts 
as a virulent poison. It fuses at 44*3**, and boils at 290°. By tbe in- 
fluence of li^t pbospborus kept under water tums first yellow, tben 
red, and is nnally covered witb a wbite crust. If pbospborus is exposed 
to tbe air at tbe common temperature, it exbales a bignly cbaracteristic 
and most disagreeable odor, copious fumes being* evolved wbicb are 
luminous in tbe dark. Tbese lumes are formed by oxidation of tbe 
vapor of pbospborus, and consist of pbospboric and pbospborous acids. 
Wnen tbe air is moist, ozone, peroxide of bydroffen and nitrite of 
ammonia are produced at tbe same time. Phospborus very readily 
takes fire, buming witb a luminous flame to pbospboric acid, wbicb 
appears in tbe form of wbite fumes. By tbe protracted influence of 
lig-bt, or by beating to 2ö0°, pbospborus is converted into a red variety, 
tbe 60-called amorpbous phospborus. In tbis State it does not alter in 
tbe air, it is not luminous, its inflammability is mucb decreased, and it 
bas a specific s^avity of 2*1. Nitric acid and nitrobydrochloric acid 
dissolve pbospnorus pretty readily upon beating. The Solutions con- 
tain Bt first, besides phosphoric acid, also phosphorous acid. Hydro- 
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chloric acid does not dissolve phosphorus. If phosphorus is boiled 
with Solution of soda or pot^ssa, or with milk of lime, hvpophosphites 
and phoaphates are formed, whilst spontaneously inflammuble phos- 
phnietted hjdroffen e;as escapes. If a substance containing' unoxidized 
phosphorus is placed at the bottom of a Üask, and a slip of paper 
moistened with Solution of ni träte of sil ver is by means of a cork looscly 
inserted into the mouth suspcnded inside the flask, and a gentle heat 
applied (from 30° to 40^), the paper slip will turn black in consequence 
of the reducing action of the phosphorus fumes, even though only a 
most minute quantity of phospnoras should be ])resent. If aller the 
termination of the reaction the blackened part of the paper is boiled 
with water^ the nndecomposed portion of the silver salt precipitated 
with hydrochloric acid, the fluid filteredy and the filtrate evaporated as 
fitf as practicable on the water-bath, the presonce of phosphoric acid in 
the residue may be shown by means of tlie reactions described below. 
(J. Schbrer). It must be bome in mind that the silver salt is 
blackened also by hydrosulphuric acid, formic acid, volatile products 
of putre&ction, £c. ; and also that the detection of phosphoric acid in 
the slip of paper can be of value only where the latter und the filtering 
paper were perfectly free from phosphorus. As regrards the deportment 
of phosphorus upon boiling with dilute sulphuric acid, and in a 
hydrogen evolution appaitttus supplied with zmc and dilute sulphuric 
acid, see § 227. 

2. Anhydrous phosphoric acid is a white, snowlike mass, which 
rapidly deliquesces in the air. When troated with water it hisscs like 
a red-not iron, and is at first only partially dissolved, in time, liowever, 
the Solution is complete. It forms with water and bases three series 
of Compounds, viz., with three equivalents of water or base hydrate of 
tribasic phosphoric acid or common phospliates ; with two equivalents 
of water or base hydrate of pyrophosphoric acid or pyrophosphates ; 
with one equivalent of water or base hydrate of metaphosphoric acid 
or metaphosphates. As the meta- and ppophosphoric acids are of 
comparatively rare occurrence they will be treated less fuUy in a supple- 
mental Paragraph. 

3. The HYDRATE of TRIBASIC PHOSPHORIC ACID (3 H 0, P J 

forms colorless and pellucid crystals, which deliquesce rapidly in the 
air to a syrupy non-caustic liquid. The action of heat changes it into 
hydrated meta- or pyrophosphoric acid, according as either one or 
two equivalents of water are expelled. Heated in an open platinum 
dish the hydrate of common phosphoric acid, if pure, voiatilizes com- 
pletely, though with difficulty, in white fumes. 

4. The action of heat falls to decompose the tribasic Phosphates 
with fized bases, but converts them into pyrophosphates if they contain 
one equivalent of basic water or ammonia, and into metaphosphates if 
they contain two equivalents. Of the tribasic phosphates those with 
alkaline base alone are soluble in water, in tne neutral State. The 
Solutions manifest alkaline reaction. If pyro- or metaphosphates are 
fused with carbonate of soda the fused mass contains the phosphoric 
acid invariably in the tribasic State. 

6. Chloride of barivm produces in aqueous Solutions of the neutral or 
basic phosphates of the alkalies, but not in Solutions of the hydrate, a 
white precipitate of Phosphate of baryta (2BaO. HO PO, 3 or 

I. N 
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3 Ba 0, P 0,),* which is soluble in hydrochloric and nitric acids, but 
sparingly soluble in cbloride of ammonium. 

6. Solution of suLjihate of Urne produces in neutral or alkaline Solu- 
tions of pbospbates, but not in Solutions of tbe hj'drate, a wbite preci- 
pitate Ol PHOSPHATE OF LIMB (2 Ca 0, H 0, F 0, or 3 Ca 0, t OJ, 
which dissolves readilj in acids, even in acetic acid, and is soluble also 
in Chloride of ammonium. 

7. Sulphate of magnesia produces in concentrated neutral Solutions 
of phosphates of the alkalies a white precipitate of Phosphate of 
MAGNESIA (2 Mg 0, H 0, P 0, + 14 aq.), whicn often separates only after 
some time ; upon boiling, a precipitate of basic salt (3 Mg 0, P 0, + 5 aq.) 
is thrown down immediatelj. The latter precipitate forms also upon 
addition of sulphate of magnesia to the Solution of a basic alkaline 
phosphate. But if a mixture of sulphate of magnesia and ammonia 
with sufficient cbloride of ammonium to redissolve the precipitate of 
hydrate of magnesia is added to a Solution of free phospnoric acid or 
01 an alkaline phosphate, a white, crystalline, and quicklj sub- 
siding precipitate of basig phosphate of magnesia and ammonia 
(2Mgö, NH^O, P0, + 12aq.) is formed, even in highly dilute Solu- 
tions. This precipitate is insoluble in ammonia and most sparingly 
soluble in cbloride of ammonium, but dissolves readily in acids, even 
in acetic acid. It makes its appearance often only after the lapse 
of some time ; stirring promotes its Separation (§ 98, 8). The re- 
action can be considered decisive only if no arsenic acid is present 
« 133, 9). 

8. Nitrate of silver throws down from Solutions of neutral and basic 
alkaline phosphates a light-yellow precipitate of phosphate of silver 
(3 Ag 0, P 0.), which is readily soluble in nitric acid and in ammonia. 
If the Solution contained a basic phosphate the fluid in which the pre- 
cipitate is suspended manifeste a neutral reaction ; whilst the reaction 
is acid if the Solution contained a neutral phosphate. The acid reaction 
in the latter case arises from the circumstance that the nitric acid 
receives, for the 3 eq. of oxide of silver which it yields to the phos- 
phoric acid, only 2 eq. of alkali and 1 eq. of water. 

9. If to a Solution containing phospnoric acid and the least possihU 
excess of hydrochloric or nitric acid a toierably large amount of acetate 
of soda is added, and then a drop of sesquichloride of iron, a yellowish- 
white, flocculent-gelatinous precipitate of phosphate of sesqui- 
oxiDE OF IRON (Fe, 0„ P 0, + 4 aq.) is formed. An excess of sesqui- 
chloride of iron must be avoided, as acetate of sesquioxide of iron (of 
red color) would thereby be formed, in which the precipitate is 
not insoluble. This reaction is of importance, as it enables us to 
detect the phosphoric acid in phosphates of the alkaline earths ; but it 
can be held to oe decisive only if no arsenic acid is present, as this 
shows the same reaction. To eflect the complete Separation of the 
phosphoric acid from the alkaline earths, a sufficient quantity of sesqui- 
chloride of iron is added to impart a reddish color to the Solution, 
•rhich is then boiled (whereby the whole of the sesquioxide of iron is 

* Precipitates of tbe fbrmer composition are produced in solutiotis containing an 
alkaline phosphate with two equivalents of a fixed base or ammonia ; wbÜBt {ovcipi- 
tatet of the latter compoeition are formed in Solutions whioh contain an »-^kf^ipff phot- 
phate with three equi^alents of a fized base Or ammonia. 
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tiirown down, partlj as phosphate, partly as basic acetate), and filtered 
bot. The filtrate contains the alkaline earths as Chlorides. If you 
wish to detect, bj means of this reaction, phosphoric acid in presence 
of a large proportion of sesquioxide of iron, boil the hydrochloric acid 
Solution with snlphite of soda until the sesquichloride is reduced to 
protochloride. which reduction is indicated by the decoloration of the 
Solution ; ada carbonate of soda until the fluid is nearly neutral, then 
leetate of soda, and finally one drop of sesquichloride of iron. The 
reason for this proceeding is, that acetate of protoxide of iron does not 
dissolve phosphate of sesquioxide of iron. 

10. If a few 0. c. of the Solution of molyMate of amnumia in nitric acid 
(§ 52) are poured into a test tube, and a little of a fluid is added con- 
taining phosphoric acid in neutral or acid Solution, a light-yellow finely- 
pnlyerment precipitate forms at once or after a very short time, even 
in the cold, if the quantity of phosphoric acid is not too inconsiderable ; 
this precipitate sp^dily subsides to the bottom of the tube, or is depo- 
sited on tne sides. With exceedingly minute quantities of phosphoric 
acid, as e.g. '00002 grm., a few hours must be allowed for the manifes- 
tation of the reaction, which should be aided also by applying* a gentle 
heat, but not higher than 40°. If no other coloring substances are 
present, the fluid above the precipitate appears colorless. !Never allow 
the Quantity of the fluid to be tested to exceed one-third of the quantity 
of tne reagent, and never consider a mere yellow coloration to be a 
proof of phosphoric acid. 

The yellow precipitate contains molybdic acid, ammonia, water, 
and a little phosphoric acid (about 3 per cent). As it is insoluble 
in dilute acids only in presence of an excess of molybdic acid, addition 
of phosphoric acid in excess will necessarily altogether prevent its for- 
mation, which should be borne in mind. A larg-e amount of hydro- 
chloric acid and certain organic substances, e,ff. tartaric acid, will 
impede or preyent the precipitation. The precipitate, after subsiding, 
may be reairlily recognised eyen in dark-colored fluids. By washing it 
with the Solution of molybdate of ammonia with which the precipitation 
has been eflected, dissolring in ammonia, and adding a mixture of sul- 
phate of magnesia, chloride of ammonium, and ammonia, phosphate of 
n^amesia ana ammonia is produced. 

DJ conductine the Operation in the manner aboye stated, phosphoric 
acid cannot well be conlounded with any other acid ; since arsenic acid 
giyes in the cold no precipitate with Solution of molybdate of ammonia 
m nitric acid, thougn it sives one upon application of heat, and more 
especially upon boiling (tne fluid above this precipitate appears yellow) ; 
and silicic acid shows no reaction with it in the cold, and gives only a 
strong yellow coloration on heating, and no precipitate. 

11. If a finely-powdered substance containing phosphoric acid (or 
a metallic phospnide) is intimately mixed with 5 parts of a flux con- 
sisting of 3 parts of carbonate of soda, 1 part of nitrate of potassa, and 
1 part of silicic acid, the mixture fused in a platinum spoon or crucible, 
tlie fused mass boiled with water, the Solution obtained decanted, car- 
bonate of ammonia added to it, the fluid boiled again, and the silicic 
acid which is thereby precipitated filtered ofl^, the nitrate now holds in 
solntion alkaline phosphate, and may accordingly be tested for phos- 
phoric acid as directed m 7, 8, 9, or 10. 

12. On igniting and pulyerizing a substance containing phosphoric 

N 2 
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acid, placing it into a tube of the thickness of a straw and sealed at one 
end, adding a fra-^ent of magnesium wire about two lines lon^ (or a 
small piece of sodium), whicn should be covered by the sample, and 
tlien heating, a vivid incandegcence will be observed and phosphide of 
magnesium (or of sodium) will be form ed. When the black contents 
of the tube are crushed and moistened with water they exhale the 
characteristic odor of phosphuretted hydrogen. (Winkelblech, 

BUNSEN.) 

13. WTiite of egg is not precipitated by Solution of hydrate of tri- 
basic phosphoric acid, nor oy Solutions of tribasic phosphates mixed 
with acetic acid. 

§ 143. 

a. .Btbasi^ phosphoric acid. The Solution of the hydrate 2 H 0, P O, is converted 
by boiling into Solution of the hydrate 8 H O. P Oy The Solutions of the salts bear 
heatin^ without suffering decomposition ; but upon boiling with a strong acid the 
phosphoric acid is converied into the tribasic State. If the salts are fused with car- 
l>onate of soda in excess tribasic phoAphates are produced. Of the neutral pyrophoe- 
phates only those with alkaline bases are soluble in water ; the acid salts {c.g.t Na 0, 
HO, P O J are by ignition converted into metaphosphates (NaO, PO,). Chloride of 
barium fails to precipitate the free acid ; from Solutions of the salts it precipitates white 
PTROPHOSFHATE OF BABYTA (2 Ba O, P 0.), soIuble in hydrochloric acid. Nitrate of 
nlver throws down from a Solution of the hydrate, especially upon addition of an 
alkali, a white, eai thy-looking precipitate of ptropbosphatr of bilyeb (2 Ag 0, P 0^), 
which is soluble in nitric acid and in amraonia. Sulphate of magneaia precipitates 
PTR0PH08PHATE OF MA01«E8IA (2 MgO, PO^). The precipitate dissolvee in an excess 
of the pyrophosphate, as well as in an excess of the sulphfü;e of mm^nesia. Animonia 
&ils to precipitate it from these Solutions. Upon boiling the Solution it separates 
again (means of detecting pyrophosphoric acid in presence of phosphoric acid). A 
concentrated Solution of ItUeo-cobaltic chloride added to an alkaline pyrophosphate 
produces an imniediate precipitation of pale reddish-yellow spangles. (Here pyrophoe- 
phoric acid differs from phosphoric and metaphosphoric acids, C. D. Bbadn.) White 
of egg is not precipitated by Solution of the hydrate nor by Solutions of the salts mixed 
with acetic acid. Molybdate of ammonia, with addition of nitric acid, fails to produoe 
a precipitate. 

ß. Monobasic phosphoric acid, Five sorts of monobasic phosphates are known, and 
the hydrates ali^o corresponding to most of these have been produced. The several 
reactions by which to distinguish between these I will not enter upon here, and 
Ct'Ufine myself to the siraple Observation that the monobasic phosphoric acids diifer 
from the bibasic and tribasic phosphoric acids in this, that the Solutions of the hydrates 
of the monobasic acids precipitate white of egg at once, and the Solutions of their salts 
after addition of acetic acid. Those hydrates and salts which are precipitated by 
nitrate of nlver produoe with that reagent a white precipitate. A mixture of tulphate 
ofmagnegia, chloride of ammouium, and ammonia fails to precipitate the monobasic 
phosphoric acids and their salts, or produces precipitates soluble in chloride of ammo- 
nium. All monobasic phosphates yield npon fusion with carbonate of aoda tribasic 
phosphate of soda. 

§144. 

b. BoRACic Acid (BO^. 

1. BoKACic ACID, in the anhjdrous State, is a colorless, fixed 
glass, fusible at a red heat; hydrate of boracic acid (HO, BO,) is a 
porous, white mass ; in the crjstalline State (H 0, B OL + 2 aq.), it 
presents small scaly laminse. It is soluble in water and in spirit of 
wine ; upon evaporating the Solutions a lars'e proportion of boracic acid 
volatUizes along- with the aqueous and alcoholic vapors. The Solutions 
redden litmus-paper, and impart to turmeric-paper a fednt brown-red 
tint, which acquires intensity upon drying. The borates are not 
decompused upon ignition ; tnose with alkfOine bases alone are readily 



§ 144.] BORACIC ACID. 181 

solnble in water. The Solutions of borates of tlie alkalies are color- 
iessy and all of them^ even those of tbe acid salts^ manifest alkaline 
reaction. 

2. CMonde of hanuM produces in Solutions of borates, if not too 
highly dilute^ a white precipitate of borate of baryta, which issoluble 
in acids and ammoniacal salts. The formula of this precipitate, when 
thrown down from Solutions of neutral borates, is lia 0, B 0, + aq. ; 
when thrown down from Solutions of acid borates, 3 BaO, ö B + 6 aq. 
(H. Rose). 

3. Nitrate of sävfr produces in concentrated Solutions of neutral 
borates of the alkalies a white precipitat«, inclining* slightly to yellow 
from admixture of fi^e oxide of silver (A^ 0, B 0, + H 0) ; in concen- 
trated Solutions of acid borates a white precipitate of 3 Ag^ 0, 4 B 0,. 
Dilute Solutions of borates give with nitrate oi silver a brown precipi- 
tate of oxide of silver (H. Rose). All these precipitates dissolve in 
nitric acid and in ammonia. 

4. If dilute sulphuric acid or hydrochloric acid is added to hig^hlj con- 
centrated, hot prepared Solutions of alknline borates, tbe boracic acid 
separates upon cooling", in the form of shining* crystalline scales. 

5. 1{ alcohol is poured over free boracic acid or a borate — with addi- 
tion, in the latter case, of a suffieient quantity of concentrated milphnric acid 
to liberate the boracic acid — and the alcohol is kindlcd, the ilume 
qypears of a very distinct yellowish-green color, especially upon 
stirrin? the mixture ; this tint is imparted to tlie flame by the boracic 
tcid wnich volatilizes with the alcohol. The delicacy of this reaction 
nay be considerably heightened by heatinpf the dish which contains the 
alcöholic mixture, Kindling the alcohol, allowin^^ it to burn for a short 
time. then extingnishing' the flame, and afterwards rekindling it. At 
the first ilickering of the flame its borders will now appear groen, even 
thoog-h the quantity of the boracic acid be so minute that it fails to 
produce a perceptible coloring of the flame when treated in the usual 
manner. As salts of copper also impart a green tint to the flame of 
•Icoholy the copper whicn might be present must first be removed by 
means of hydrosulphuric acid. Presence of metallic chlorides also may 
lead to mistakes, as the chloride of ethyle formed in that case colors the 
borden of the flame bluish-CTeen. 

6. If a Solution of boracic acid, or of a borate with an alkali or an 
alkaline earth for base, is mixed with hydrochloric acid to slifrht, but 
distinct, acid reaction, and a slip of turmeric-paper is half dipped into it, 
and then dried on a watch-giass at lOC^ the dipped half shows a 
peeuiiar red tint (H. Rose). 

This reaction is very delicate ; care must be taken not to confound 
the characteristic red coloration with the blackish-brown color which 
tnrmeric-paper acquires when moistened with rather concentrated hydro- 
chloric acid, and then dried ; nor with the brownish-red coloration which 
lesqoichloride of iron, or a hydrochloric acid Solution of molybdate of 
•mmonia or of zirconia, gives to turmcric-paper, more particulurly upon 
drying. By moistening turmeric-paper reddened by boracic acid with 
a lolation of an alkali or an alkaline carbonate, the color is changed to 
Uiiish*black or ^eenish-black ; but a little hydrochloric acid will at 
ODoe restore the brownish-red color (A. Vooel, H. Ludwiq). 

7. If a substance containing boracic acid is reduced to a fine powder^ 
thii with addition of a drop of water^ mixed with 3 parts of a flux com- 
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posed of 4J parts of bisulphate of potassa and 1 part of finely pulverized 
Suoride of calcium^ free trom boracic acid, and the paste exposed on the 
loop of a platinum wire in the outer mantle of the Bunsen gas flame, or 
at the apex of the inner ilame of the blowpipe, iluoride of boron escapes, 
which iraparts to the flame — though only for a few instants — a green 
tint. With readily decomposed Compounds the reaction may be ob- 
tained by simply moistening the sample with hydrofluosilicic acid^ and 
holding' it in the flame. 

8. jBoracic acid or borates, fused with carbonate of soda on the loop 
of a platinum wire, give, when placed in the flame of the spectrum 
apparattiSy a spectrum of four well marked lines of equal width, equi- 
distant from each other. B^ is brilliant yellowish-green (coinciding 
with Ba y), B. is brilliant light-green (coinciding with Ba ß), B, is pale 
bluish- green (nearly coinciding with the blue barium line), B^ is blue, 
very pale, close to Sr S (Simmler). 

§ 145. 
c. OxALic Acid (C^O, = Ö). 

1. The HYDRATE OF OXALIC ACID (2 H 0, C^OJ is a white powder; 
the CRYSTALLizED ACID (2 H 0, C^, + 4 aq.) forms colorless rhombic 
prisms. Both dissolve readily in water and in spirit of wine. By 
neating rapidly in open vessels part of the hydrated acid undergoes 
decomposition, whilst another portion volatilizes unaltered. The fumes 
of the volatilizing acid are very irritating and provoke coughing. If 
the hydrate is heated in a test-tube part of it sublimes unaltered. 

2. The whole of the Oxalates undergo decomposition at a red heat, 
the oxalic acid being converted into carbonic acid and carbonic oxide. 
The Oxalates of the alkalies and of baryta, strontia, and lime are in this 
process converted into carbonates (if pure, and if the heat is gentle, 
almost without Separation of charcoal). Oxalate of magnesia is con- 
verted into pure magnesia even by a very gentle red heat. The Oxa- 
lates with metallic bases leave either the pure metal or the oxide 
behind, according to the reducibility of the metallic oxide. The alka- 
line Oxalates, and also some of the Oxalates with metallic bases, are 
soluble in water. 

3. Chloride of barium produces in neutral Solutions of alkaline Oxa- 
lates a white precipitate of Oxalate of baryta (2 Ba 0, C^O, + 2 aq.), 
which dissolves very sparingly in water, more readily in water contain- 
ing Chloride of ammonium, acetic acid, or oxalic acid, freely in nitric 
acid and in hydrochloric acid ; ammonia reprecipitates it from the latter 
Solutions unaltered. 

4. Nitrate qfsilver produces in Solutions of oxalic acid and of alka- 
line Oxalates a white precipitate of Oxalate of silver ^2 AgO, C^OJ, 
which is readily soluble in concentrated bot nitric acia and also in 
ammonia, but dissolves with difficulty in dilute nitric acid, and is most 
sparingly soluble in water. 

5. Lime water and all the soluble salts of Urne, and consequendy also 
Solution ofsulphate of UmCy produce in even hignly dilute Solutions of 
oxalic acid or of Oxalates of the alkalies, white flnely pulverulent pre- 
cipitates of Oxalate of lime (2 Ca 0, Gfi^ + 2 aq., and occasiondly 
2 CaO^ C^O^ + 6 aq.), which dissolve readily in hydrochloric acid and in 
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nitric acid, but are nearly insoluble in oxalic acid and in acetic acid, 
and practically insoluble in water. The presence o£ salts of ammonia 
does not interfere with the formation of these precipitates. Addition 
of ammonia considerably promotes the precipitation of free oxalic acid 
bj salts of lime. In h'ignlj dilute soiutioDs the precipitate is only 
fonned afler some time. 

6. If hjdrated oxalic acid or an Oxalate, in the dry state, is heated 
with an excess of eoncentrated sulphuric acid, the latter withdraws from 
the oxalic acid its constitutional water or oase, and thus causes its 
decomposition into carbonic acid and carbonic oxide {Cß^ = 2 C + 
2C0J, the two gases escapinjy with effervescence. If the quantity 
operated upon is not too minute the carbonic oxide may be kindled ; it 
bums with a blue flame. Should the sulphuric acid acquire a dark color 
in this reaction^ this is a proof that the oxalic acid contained some 
organic substance in admixture. 

?. If oxalic acid or an Oxalate is mixed with finely pulverized binoxide 
ofmangwMse (which must be free firom carbonates), a little water added 
and a few drops of siilphuric acid, a lively effervescence ensues, oaused 
by escaping carbonic acid [2 Mn 0, + C^ 0, + 2 S 0, = 2 (Mn 0, S 0,) + 
4C0J. 

8. If Oxalates of alkaline earths are boiled with a eoncentrated Solu- 
tion of earbonate of soda, and filtered, the oxalic acid is obtained in the 
filtrate in combination with soda, whilst the precipitate contains the 
base as carbonate. With Oxalates containing for their base oxides 
of heayy metals, this Operation is not always sure to attain the desired 
object, as many of these Oxalates, e,g, Oxalate of protoxide of 
nickel, will partially dissolve in the alkaline fluid, with formation of a . 
double Salt. Metals of this kind should therefore be separated as 
solphides. 

§ 146, 
d, Hydrofluoric Acid (HF). 

1. Anhydrous hydrofluoric acid is a colorless corrosive ^as, 
which fumes in the air, and is freely absorbed by water. Liquid hydro- 
fluoric acid is distinguished fröm all other acids by the property of 
dissolving crystallized silicic acid, and also the Silicates which are in- 
soluble in hydrochloric acid. Hydrofluosilicic acid and water are formed 
in the process of Solution (Si 0, + 3 H F = Si F„ H F + 2 H 0). With 
metallic oxides hydrofluoric acid forms metallic fluorides and water. 

2. The FLUORIDES of the alkali metals are soluble in water; the 
Solutions have an alkaline reaction. The fluorides of the metals of the 
alkaline earths are either insoluble or very difficultly soluble in water. 
Fluoride of aluminium is readily soluble. Most of the fluorides of the 
heavy metals are very sparingly soluble in water, as the fluorides of 
copper, lead, and zinc ; many others dissolve in water without difficulty, 
as tne sesquifluoride of iron, protofluoride of tin, andfluoride of mercury. 
Many of tue fluorides insoluble or diflicultly soluble in water dissolve in 
free hydrofluoric acid ; others do not. Most of the fluorides bear igni- 
tion in a crucible without su^Tering decomposition. 

3. Chloride of barium precipitates aqueous Solutions of hydrofluoric 
acid, but much more completely Solutions of fluorides of the alkalies. 
The bulky white precipitate of Fluoride of barium (BaF) is almost 
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absolutely insoluble in water, but dissolves in large quantities ofhydro- 
cLloric acid or nitric acid, from which Solutions ammonia fails to preci- 
pitate it, or tbrows it down only very incompletely, owing to the 
dissolving action o£ the neutral ammonia salts. 

4. Chloride of calcium produces in aqueous Solutions of hydrofluoric 
acid or of fluorides a gelatinous precipitate of Fluoride of calcium 
(Ca F), which is so transparent as at first to induce the belief that the 
fluid has remained perfectly clear. Addition of ammonia promotes the 
complete Separation of the precipitate. The precipitate is practically 
insoluble in water, and only very slightly soluble in hydrochloric 
acid and nitric acid in the cold; it dissolves somewhat more largely 
upon boiling with hydrochloric acid. Ammonia produces no precipi- 
tate in the Solution, or only a very trifling one, as the salt of ammonia 
formed retains it in Solution. lluoride of calcium is scarcely more 
soluble in free hydrofluoric acid than in water. It is insoluble in 
alkaline fluids. 

Ö. If a finely pulverized fluoride, no matter whether soluble or in- 
soluble, is treated in a platinum crucible with just enough concentrated 
sulphuric acid to make it into a thin paste, the crucible covered with 
the convex fuce of a watch-glass of hard glass coated with bees-wax, 
which has been removed again in some places by tracing lines in it with 
a pointed piece of wood, the hoUow of the glass filled with water, and 
the crucible gently heated for the space of half an hour or an hour, the 
exposed lines will, upon the removal of the wax, be found more or less 
deeply etched into the glass. (The coating with wax may be readily 
efiected by heating the glass cautiously, putting a small piece of wax 
• upon the convex face, and spreading the fused mass equally over it. 
The removal of the wax coating is effected by heating the glass gently, 
, and wiping with a cloth.) If the quantity of hydrofluoric acid dis- 
engaged by the sulphuric acid was very minute, the etching is often 
invisiole upon the removal of the wax ; it will, however, in such cases 
appear when the glass is breathed upon. This appearance of the etched 
lines is owing to the unequal capacity of condensing water which the 
etched and the untouched parts of the plate respectively possess. The 
impressions which thus appear upon breathing on the glass may, how- 
ever, owe their origin to other causesj therefore, though their non- 
appearance may be held as a proof of the absence of fluorine, their 
appearance is not a positive proof of the presence of that element. At 
all events, they ought only to be considered of value where they can be 
developed again after the glass has been proper ly washed with water, 
dried, and wiped.* 

This reaction fails if there is too much silicic acid present, or if the 
substance is not decomposed by sulphuric acid. In such cases one of 
the two following methoas is resorted to, according to circumstances. 

6. If we have to deal with a fluoride decomposable by sulphuric acid, 

* J. NiCKLis State« that etcbings on glass may be obtained with all kinds of 
sulphuric acid, and, in faot, with all acids suited to eff«dct evolution of hydrofluoric 
acid. I have tried watch-glasses of Bohemian glass with sulphuric and other acids, 
but cotild get no etchings in oonfirmation of this Statement, ätül, proper caution 
demands that before using the sulphuric acid, it should first be positively ascertained 
that its fumes will not etch glass. Should the sulphuric acid contain hydrofluoric 
acid, the latter may be easily removed by diluting with an equal volume of water and 
evaporating in a platinttm dish to the original strength. 
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bat mixed with a large proportion of silicic acid, the äuorine in it may 
be detected by heating the mixture in a test-tube with coneentrated 
tH^jkmrie aeid, as fluosilicic gas is evolved in this process^ which forms 
dense white fumes in moist air. If the gas is conducted into water 
through a bent tube moistened inside, the latter has its transparency 
more or less impaired^ owing to the Separation of silicic acid. If the 
quantity operated upon is rather considerable, hydrate of silicic acid 
separates in the water^ and the üuid is rendered acid by hydrofluosilicic 
acuL 

The following process answers best for the detection of small quan- 
tities of fluorine. Heat the substance with concentrated sulphuric acid 
in a flaak closed with a cork with double Perforation, bearing two tubes, 
one of which reaches to the bottom of the ilask, whilst the other ter- 
fflinates immediately under the cork. Conduct through the longer tube 
a slow stream of dry air into the flask, and conduct this^ upon its re- 
issuing throii^h the other tube, into a U tube containing a little dilute 
ammonia, and connected at the other end with an aspirator. The silico- 
fluoric gas which escapes with the air, decomposes with the ammonia. 
more particularly upon the application of a gentle heat towards the ena 
of the process, nuoride of ammonium and nydrated silicic acid beinff 
formed. Filter, evaporate in a platinum crucible to dryness, and 
examine the reddue by ö. For more difficultly decomposable sub- 
stances bisulphate of potassa is used instead of sulphuric acid, and the 
mixture, to which some marble is added (to ensure a continuous slight 
evolution of gas), heated to iusion, and kept in that State for some time. 

7. Silicates not decomposable by sulpliuric acid must first be fused 
with four parts of carbonate of soaa ana potassa. The fused mass is 
treated with water, the Solution filtered, the filtrate concentrated by 
evaporation, allowed to cool, transferred to a platinum vessel, hydro- 
chloric acid added to feebly acid reaction, and the fluid allowed to stand 
until the carbonic acid has escaped. It is then supersaturated with am- 
monia, heated, flltered into a bottle, chloride of calcium added to the still 
bot fluid, the bottle closed, and allowed to stand at rest. If a precipitate 
separates after some time it is collected on a filter, dried, and examined 
by the method described in ö (H. Rose). 

8. Minute quantities of metallic fluorides in minerals, slags, &c., may 
also be readily detected by means of the blowpipe, To this end bend a 
piece of platinum foil, and insert it in a glass tube as shown in fig. 43, 
mtroduce the finely triturated sub- 
stance mixed with powdered phosphate 
of soda and ammonia fused on chnr- 
coal, and let the blowpipe flame play Fig. 48. 

upon it so that the producta of com- 

bustion may pass into the tube. A metallic fluoride treated in this 
way yields hydrofluoric acid gas, which betrays its presence by its 
pungent odor, the dimming of the glass tube (which becomes percep- 
tible only after cleaning and drying), and the yellow tint which the 
acid air issuing from the tube imparts to a moist slip of Brazil-wood 
paper* (Berzelius, Smithson). When Silicates containing metallic 
fluorides are treated in this manner gaseous fluoride of Silicon is formed, 
which also colors yellow a moist slip of Brazil-wood paper inserted 

* Frqiared by mokteniog slips of fioe printing-paper with deoootion of Braal-wood. 
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in the tube, and leads to silicic acid being- deposited within the tube. 
After washingf and drying" the tube, it appears here and there dimmed. 
A small quantity of a iiuoride present in a mineral containing water may 
generally be detected byheating the substance byitself in a glasstube 
sealed at one end and inserting a slip of Brazil wood paper in the tube ; 
under the circumßtance the paper will usually turn yellow (Berzeli us). 

§147. 

Recapitulation and remarks, — The bary ta Compounds of the acids of 
the third division are dissolved by hydrochloric acid, apparently without 
decomposition ; alkalies therefore reprecipitate them unaltered, bv 
neutralizing the hydrochloric acid. The baryta Compounds of the acias 
of the first division show, however, the same deportment ; these acids 
must, therefore, if present, be removed before any conclusion regarding 
the presence of phosphoric acid, boracic acid, oxalic acid, or hydroiluoric 
acid!, can be drawn from the reprecipitation of a salt of baryta by 
alkalies. But even leavins' this pomt altogether out of the question no 
great value is to be placea on this rcaction, not even so far as the simple 
aetection of these acids is concerned, and far less still as regards their 
Separation from other acids, since ammonia falls to reprecipitate from 
hydrochloric acid Solutions the salts of baryta in question, and more 
particularly the berate of baryta and the fluoride of barium, if the Solu- 
tion contains any considerable proportion of free acid or of an ammoniacal 
salt. Boracic acid is well characterized by the coloration which it im- 

?arts to the flame of alcohol, and also by its action on turmeric-paper. 
'he latter reaction is more particularly suited for the detection of very 
minute traces. Oxides of the heavy metals, if present, are most con- 
veniently removed first by hydrosulphuric acid or sulphide of ammonium. 
Before proceeding to concentrate dilute Solutions of ooracic acid the acid 
must be combinea with an alkali, otherwise a large portion of it will 
Yolatilize with the aqueous vapors. Small quantities of boracic acid may 
also be safely and easily detected by the spectroscope. The detection 
oi phosphoric acid in Compounds soluble in water is not difiicult ; the re- 
action with sulphate of magnesia, &c., is the best adapted for the pur- 
pose. The detection of phosphoric acid in insoluble Compounds cannot 
be effected by means of magnesia Solution. Sesquichloride of iron 
(§ 142. 9) is well suited for the detection of phosphoric acid in its salts 
with tne alkaline earths, and more particularly for the Separation of the 
acid from the alkaline earths ; the nitric acid Solution of molybdate of 
ammonia is more especially adapted to effect the detection of phosphoric 
acid in presence of alumina and sesauioxide of iron. I must repeat again 
that both these reactions demand the strictest attention to the directions 
given. If present in combination with oxides of the fourth, fifth, or 
sixth group, it may be separated bv the method given § 142, 11, or by pre- 
cipitating the bases with hydrosulphuric acid or sulphide of ammonium. 
OxiUic acid may always be easily detected in aqueous Solutions of 
Oxalates of the alkalies, by Solution of sulphate of lime. The formation 
of a finely pulverulent precipitate, insoluble in acetic acid, leaves hardly 
a doubt on the point, as racemic acid alone, which occurs so very rarely, 
gives the same reaction. In case of doubt the Oxalate of lime may be 
readily distinguished from the racemate, by simple ignition,wi*-h exclusion 
oi air, as the decomposed racemate leaves a considerable proportion of 
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eharcoal behind ; the racemate dissolves moreover in cold Solution of 
potassa er soda^ in which Oxalate of lime is insoluble. The deportment 
of the Oxalates with sulphuric acid, or with binoxide of manganese and 
sulphuric acid, afiPords also sufficient means to confirm the results of 
other tests. In insoluble salts the oxalic acid is detected most safely bj 
decomposing them by boiling with Solution of carbonate of soda, or by 
hydrosulphuric acid or sulphide of ammonium (§ 145^ 8). I must 
finally also call attention here to the fact that there are certain soluble 
Oxalates which are not precipitated by salts of lime ; these are more par- 
ticularly Oxalate of sesquioxide of chromium, and Oxalate of sesquioxide 
of iron. Their non-precipitation is owing to the circumstance that these 
salts form soluble double salts with Oxalate of lime. Hydroßuoric acid 
is readily detected in salts decomposable by sulphuric acid ; only it must 
be bome in mind that an over large proportion of sulphuric acid impedes 
Üie free evolution of hydrofluoric gas, and thus impairs the delicacy of 
Üie reaction ; also that the glass cannot be distinctly etched if^ instead 
of hydrofluoric gas^ fluosilicic gas alone isevolved; and therefore, in the 
case of Compounds abounding in silica, the safer way is to try, besides 
the reaction given § 146, 5, also the one given in 6. In Silicates which 
are not decomposed by sulphuric acid the presence of fluorine is often 
overlooked, because the analyst omits to examine the Compound care- 
fiüly by the method given in 7. 

§148. 

Fhosfhobous Acid (PO,). 

AnhydrooB phosphorous aoid is a white powder, which admits of Sublimation, and 
hnrns when heated in the air. It forma with a smail proportion of water a thickish 
flaid, which crystallizes by long atanding. Heat decumpoaes it into hydrated phos- 
phoric acid, and phospharetted hydrogen gaa, which does not spontaneously take fire. 
it fmeXj diasolves in water. Of the salta those with alkaline baae are readily soluble 
in water, all tlie others sparingly soluble ; the latter diasoive in dilute acidii. All the 
salta are decomposed by ignitiun into phosphates, which are left behind, and hydrogen, 
or a mizture of ^hydrogen and phosphuretted hydrogen, which escapes. With nitrate 
o/ nlver Separation of metaliic sUver takes place, more especially upon addition of 
ammonia uid'application of heat ; with nitrate of »uboxide of mercwryt under the same 
drcnmstanoes, Separation of metaliic mercury. From chloride of mercury in exoess 
pbotphoroos acid throws down subctiloride of mercury after sume time, more rapidly 
upoo beating. Chloride of barium and chloride of calcium produce in not over-dilute 
Solutions of phosphoroos acid, upon addition of ammonia, white precipitates, soluble 
in acetic acid. A mixture of sulpbate of magnesia, chloride of ammonium, and 
ammonia will precipitate only rather concentrated Solutions. Acetate of lead throws 
down white phosphite of lead, insoluble in acetic acid. By heating to boiling with 
tulphwrou» acid in exoess phosphoric acid is formed, attended by Separation of suiphur. 
In contact with tinc and dÜuie tulphuric acid phosphorous acid gives a mixture of 
hydrogen with nhosphuretted hydrogen, which aocordiugly fumes in the air, burns 
with ao emerald-green color, and precipitates silver and phosphide of silver from 
Solution of nitrate of silver. 

Fourth Division of the First Oroup of the Inarganio Äcids. 

§ 149. 

a. Carbonic Acid (C OJ. 

I. Carbon is a solid tasteless and inodorous body. The very 
IhigheBt degrees of heat alone can effect its fusion and volatilization 
(Despretz). All carbon is combustible; and yields carbonic acid when 
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burnt with a sufficient supply of oxygen or atmospneric air. In the 
diamond the carbon is crvstallized, transparent, pellucid, exceedingly 
hard, difficultly combustible ; in the form of graphite it is opaque, 
blackish-^ey, soft, greasy to the touch, difficultly combustible, and 
stains the fingers ; as charcoal produced by the decomposition of org^nic 
matter it is Black, opaque, non-cry stalline — sometimes dense, shining", 
and difficultly combustible, and sometimes porous, duU, and readily 
combustible. 

2. Carbonic ACID, at the common temperature and common atmo- 
spheric pressure, is a colorless gas of far higher specific gravity than 
atmospheric air, so that it may be poured from one vessel into another. 
It is modorous, has a sourish taste, and reddens moist litmus-paper ; 
but the red tint disappears again upon drjdng. Carbonic acid is 
readily absorbed by Solution of potassa ; it dissolves pretty copiouöly 
in water. 

3. The AQUEous Solution of carbonic acid has a feeblyacid and 
pungent taste ; it transiently imparts a red tint to litmus-paper, and 
colors Solution of litmus wine-red ; it loses its carbonic acid when 
shaken with air in a half-filled bottle, and more completely still upon 
application of heat. Some of the carbonates lose their carbonic acid 
by ignition ; those with colorless oxides are white or colorless. Of the 
neutral carbonates only those with alkaline bases are soluble in water. 
The Solutions manifest a very strong alkaline reaction. Besides the 
carbonates with alkaline bases, those also with an alkaline earth 
for base, and some of those with a metallic base^ dissolve as acid or 
bicarbonates. 

4. The carbonates are decomposed by all free acids soluble in water, 
with the exception of hydrocyanic acid and hydrosulphuric acid. 
Most carbonates are decomposed in the cold, but several (magnesite, 
for instance) require heat. The decomposition is attended with 
EFFERVESCENCE, the carbouic acid being disengaged as a colorless 
and inodorous gas, which transiently imparts a reddish tint to litmus- 
paper. It is necessary to apply the decomposin^ acid in excess, espe- 
cially when operating upon carbonates with alkaline bases, since the 
fbrmation of bicarbonates will frequently prevent effervescence if too 
little of the decomposing acid be added. Substances which it is in- 
tended to test for carbonic acid should first be heated with a little 
water, to prevent any mistake which might arise from the escape of 
air-bubbles upon treating the dry substances with the acid. where 
there is reason to apprehend the escape of carbonic acid upon boiling 
with water, lime water should be used instead of pure water. If you 
wish to prove that the escapine* gas is really carbonic acid, dip a glass 
rod in baryta water and hold it inside the test-tube near the fluid ; a 
white pellicle will form on the baryta-water, as is explained in 6. 

ö. lAme water and baryta-waterj brought into contact with carbonic 
acid or with soluble carbonates, produce white precipitates of neutral 

CARBOMATE OF LIME (Ca 0, C 0,), Or CARBONATE OF BARYTA (BaO, 

C 0,). In testing for free carbonic acid the reagents ought always to 
be added in excess, as the acid carbonates of the alkaline earths are 
soluble in water. The precipitates dissolve in acids^ with effervescence, 
and are not reprecipitated from such Solutions by ammonia. after the 
complete expulsion of the carbonic acid by ebullition. As lime -water 
äis&ohes verj minute quantities of carbonate of lime, the detection of 
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exoeeding'lj minute traces of carbonic acid reauires the use of a lime- 
water saturated with carbonate of lime bj lon^ digestion therewith 
(Welter, Berthollet). 

6. Chloride of calcium and Chloride of barium immediatelj produce in 
Solutions of neutral alkaline carbonates, precipitates of carboxate of 
LIME or of CARBONATE OF BARYTA ; in oilute solutious of bicarbonates 
these precipitates are formed only upon ebullition ; with free carbonic 
acid tnese reagents give no precipitate. 

§150. 
h, SiLicic Acid (SiO,). 

1. SiLicic ACID is colorless or white, even in the hottest blowpipe 
flame unalterable and infusible. It fuses in the flame of the oxyhjdrogen 
blowpipe. It is met with in the crystalline and the amorphous State. 
It is insoluble in water and acids (with the exception of njdrofluoric 
acid, which dissolves the amorphous variety easily, the crystalline 
variety with more difficulty) ; its hydrate is soluble in water and acids, 
but only at the moment of its Separation. The amorphous silicic acid 
and the hydrate dissolve in bot aqueous Solutions of potassa and soda 
and their carbonates ; but the crystallized acid is insoluble or nearly so 
in these fluids. If either of the two is fused with a caustic alkali or 
alkaline carbonate, a basic Silicate of the alkali is obtained, which is 
soluble in water. The Silicates with alkaline bases alone are soluble 
in water. 

2. The Solutions of the alkaline Silicates are decomposed by all acids. 
If a large proportion of hydrochloric acid is added at once to even con- 
centrated Solutions of alkaline Silicates the separated silicic acid remains 
in Solution ; but if the hydrochloric acid is added g^adually drop by 
drop, whilst stirring the fluid, the greater part of the silicic acid sepa- 
rates as gelatinous hydrate. The more dilute the fluid, the more 
silicic acia remains in Solution, and in highly dilute Solutions no preci- 
pitate is formed. If the Solution of an alkaline Silicate, mixed with 
nydrochloric or nitric acid in excess, is evaporated to dryness silicic 
acid separates in proportion as the acid escapes; upon treating the 
residue with hydrochloric acid and water the silicic acid remains in the 
free State (or, if the temperature was restricted to 100®, as hydrate), as 
an insoluble white powder. Chloride of ammonium produces in not 
over-dilute Solutions of alkaline Silicates precipitates of nydrate of silicic 
acid (containing alkali). Heating promotes the Separation. 

3. Some of the Silicates insoluble in water are decomposed by 
hydrochloric acid or nitric acid, others are not affected by these acids, 
even upon boiling. In the decomposition of the former the greater 
portion of the silicic acid separates usually as gelatinous, more rarely 
as pulverulent hydrate. To eflect the complete Separation of the silicic 
acid, the hydrochloric acid Solution, with the precipitated hydrate of 
silicic acid suspended in it, is evaporated to dryness, the residue heated 
with stirring, at a uniform temperature above the boiling point of water 
until no more acid fumes escape, then moistened with Inrdrochloric acid, 
heated with water, and the fluid containing the bases nltered from the 
residuary insoluble silicic acid. Of the sihcates not decomposed by 
liydrocliloric acid many, e.y., kaolin^ are completely decomposed by 
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heatin^ with a mixture of 8 parts of hydrated sulphuric acid and 3 parts 
of water, the silicic acid being separated in the pulverulent form ; many 
others are acted upon to some extent by this reag-ent. Silicates not 
decomposable by boiling with hydrochloric or sulphuric acid in the 
open air, may generally be completely decomposed by heating in a 
State of fine powder with th.e acids in sealed glass tubes at 200° — ^210° 
in an air or paraffin bath. 

4. If a sihcate, reduced to a fine powder, is fused with 4 parts of 
earbonate of potassa and sodn until the evolution of carbonic acid has 
ceased, and the fused mass is then boiled with water, the greater part 
of the silicic acid dissolves as alkaline Silicate, whilst the alkaline eartbs, 
the earths proper, (with the exception of alumina and berylla, which 
pass more or less completely into the Solution), and the heavy metallic 
Oxides are left undissolved. If the iused mass is treated with wat-er, 
then, without previous filtration, hydrochloric or nitric acid added to 
strongly acid reaction, and the fluid treated as directed in 3, the silicic 
acid is left undissolved, whilst the bases are dissolved. If the powdered 
Silicate is fused with 4 parts of hydrate of baryta, the fiised mass digested 
with water, with addition of hydrochloric or nitric acid, and the acid 
Solution treated as directed in 3, the silicic acid separates, and the bases, 
especially also the alkalies, are found in the filtrate. 

ö. li hydroßuaric add, in concentrated aqueous Solution or in the 
gaseous State, is made to act upon silicic acid, fluosilicic gas escapes 
(Si 0, + 2 H F = Si F, + 2 H 0) ; dilute acid dissolves silica to hydrofluo- 
silicic acid (SiO, + 3HF=SiF„ HF + 2H 0). Hydroflu'oric acid 
acting upon Silicates gives rise to the formation of silicofluorides 
(CaO,SiO, + 3HF = SiF„CaF + 3HO), which by heating with 
hydrated sulphuric acid are changed to sulphates, with evolution of 
hydrofluoric and fluosilicic gas. If the powdered Silicate is mixed with 
8 parts of fluoride of ammonium, or ö parts of fluoride of calcium in 
powder, the mixture made into a paste with hydrated sulphuric acid, 
and heat applied (best in the open air) until no more iiimes escape, the 
whole of the silicic acid present volatilizes as fluosilicic gas. The 
bases present are found in the residue as sulphates, mixed, if fluoride 
of calcium was used, with sulphate of Urne.' 

6. On mixing 1 part of nnely powdered silica, or a Silicate with 
2 parts of powdered cryolite or fluor spar (free firom silica), and 4 or 
5 parts of concentrated sulphuric acid, heating the mixture moderately 
in a platinum crucible, but not allowing it to spurt, and then holding 
close over the surface the loop of a stout platinum wire which has been 
freshly ignited, and now contains a drop of water ; a pellicle of hydrated 
silicic acid will soon form on the latter from decomposition'of the 
escaping fluosilicic gas (Barfoed). 

/. If silicic acid or a Silicate is fused with earbonate of soda in the 
loopofa platinum wire frothing is observed in the bead owing to 
the evolution of carbonic acid. The bead obtained with pure silicic 
acid is always clear when bot, with Silicates when they are rieh in 
silicic acid (as the felspathic rocks)^ the bead is also clear, otherwise 
it is opaque. The clearness of the cold bead depends upon the propor- 
tion between silicic acid, soda, and other bases. 

8. Phosphate of soda and ammonia, in a State of fusicn, fails nearly 
altogether to dissolve silicic acid. If therefore silicic acid or a Silicate 
JB fused^ in small fragments^ with phosp^ate of soda andammonia on a 
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platinum wire tbe bases are dissolved^ whilst the silicic acid separates 
and floate about in the clear bead as a more or less translucent mass, 
exhibiting the shape of the fragment of substance used. 

§ 151. 

BeeapUulation and remarks. — Free carbonic acid is readilj known bj 
itB reaction with lime-water ; the carbonates are easily detected by the 
eTolution of an inodorous gas, when they are treated with acids. 
When operating upon Compounds which evolve other ^ases besides 
carbonic acid, the gas is to oe tested with lime-water or baryta-water. 
Silicic acid, both in the free State and in Silicates, may usually be 
readfly detected by the reaction with phosphate of soda and ammonia. 
It differs moreover from all other bodies in the form in which it is 
always obtained in analyses, by its insolubility in acids (except hydro- 
fluoric acid), and in fusing bisulphate of potassa, and its solubility in 
boiling Solutions of alkalies and alkaline carbonates ; and from many 
bodies (especially from titanic acid) by completely volatilizing upon 
repeated evaporation in a platinum dish, with hydrofluoric acid (or 
fluoride of ammonium) and sulphuric acid. 



Second Group. 

ACII>S WHICH ARE PRECIPITATED BY NiTRATE OF SiLVER, BUT NOT 

BY Chloride of Barium : Hydrochlario Acid, Hydröbromic Acid, Hy- 
driodie Aeidy Hydrooyanie Addj Hydroferro- and Hydroferricyanic Acid, 
Hydrasulpkurie Acid (Nitrous Acid, Hypochlorous Acid, Chlorous 
Acid, Hypophosphorous Acid). 

The silver Compounds corresponding to the hydrogen acids are in- 
soluble in dilute nitric acid. These acids decompose with metallic 
oxides, the metals combining with the chlorine, bromine, iodine, cyano- 
gen, or sulphur, whilst the oxygen of the metallic oxide forms wate^ 
with the hydrogen of the acid. 

§ 152. 

a. Hydrochloric Acid (HCl). 

1. Chlorine is a heavy yellowish-green gas of a disagreeable and 
suffocating odor, which has a most injurious action upon the respiratory 
Organs; itdestroys vegfetable colors (litmus. indigo-blue, <fec.); itis not 
innammable, and Supports the combustion oi few bodies only. Minutely- 
divided antimony, tin, <&c., spontaneously ignite in it, and are converted 
into Chlorides. It dissolves pretty freely in water ; the chlorine water 
formed has a faint yellowish-green color, smells strongly of the gas, 
bleaches vegetable colors, is decomposed by the action of light (§ 09), 
aod loses its smell when shaken with mercury, the latter being con- 
verted into a mixture of subchloride and metal. Small quantities of 
free chlorine may be readily detected in a fluid by the red color im- 
parted to a mixture of sulphocyanidje of potassium and protosalt of iron, 
or — ^in the absence of nitrous acid — ^by tue blue color imparted to a mix-t 
tare of starch paste and iodide of potassium (see § 154, 9). 
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2. Hydrochloric acid, at the common temperature and common 
atmospheric pressure, is a colorless gas, which fbrms dense fumes in the 
air, is suffocating and very irritant, and dissolves in water with exceeding 
fucility. The concentrated Solution (fuming hydrochloric acid) loses a 
large portion of its gas upon heating. 

3. The neutral metallic Chlorides are readily soluble in water, 
with the exception of chloride of lead, chloride of silver, and subchloride 
of mercury ; most of the chlorides are white or colorless. Many of tliem 
volatilize at a high temperature, without suffering decoraposition ; others 
are decomposed upon ignition^ and many ofthem are fixed at a moderate 
red heat. 

4. Nitrate of silver produces in even highly dilute Solutions offree 
hydrochloric acid or of metallic chlorides white precipitates of chloride 
OF SILVER (Ag Cl), which upon exposure to light change first to violet, 
then to black ; they are insoluble in ailute nitric acid, but dissolve readily 
in ammonia as well as in Cyanide of potassium^ and fuse without decom- 
position when heated. (Compare § llö, 7.) 

Ö. Nitrate of suboande of mercury and acctate of lead produce in Solu- 
tions containing free hydrochloric acid or metallic chlorides precipitates 

of SUBCHLORIDE OF MERCURY (Hg, Cl) and CHLORIDE OF LEAD 

(Pb Cl). For the properties of these precipitates see § 116, 6, and 

6. If hydrochloric acid is heated with Mnoxide of manffancsey or a 
chloride with Hnoxide of manganese and sulphuric acid, chlorine is 
evolved, which may be readily recognised by its odor, its yellowish- 
green color, and its bleaching action upon vegetable colors. The best 
way of testing the latter is to expose to the gas a moist slip of litmus- 
paper, or of paper coloured with Solution of indigo. 

7. If a metallic chloride is triturated with Chromate ofpotassay the dry 
mixture treated with concentrated sulphuric acid in a tubulated retort^ and 
a gentle heat applied, a deep brownish-red ffas is copiously evolved 
(cHLOROCHROMic ACID, Cr OjCl), which condenses into a fluid of the 
same color, and passes into the receiver. If this distillate is mixed with 
ammouia in excess, a yellow-colored liquid is produced, from the for- 
mation of Chromate of ammonia (Cr 0, Cl + 2 N HO = N H^ Cl + N H, 
0, Cr 0.). Upon addition of an acid the color of the Solution changes 
to a reddish-yellow^ owing to the formation of acid Chromate of am- 
monia. 

8. In the metallic chlorides insoluble in water and nitric acid the 
chlorine is detected bv fusing them with carbonate of soda and potassn, 
and treating the fused mass with water, which will dissolve, besides the 
excess of the alkaline carbonate, the chloride of the alkali metal formed 
in the process. 

9. If in a bead otphosphate of soda and ammcnia on a platinum wire 
oxide of copper be dissolved in the outer blowpipe flame in sufficient 
quantity to make the mass nearly opaaue, a trace of a substance contain- 
ing chlorine added to it whilc still in riision, and the bead then exposed 
to the reducing flame, a fine blue-colored flame, incliningto purple, 
will be Seen encircling it so long as chlorine is present (Berzelius.) 
With respect to the spectrum of chloride of copper, compare § 157. 
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§ 1Ö3. 
b. Hydrobromic ACID (HBr). 

1. Bromine is a heayy reddish-brown fluid of a very disap'eeable 
cUorine-like odor ; it boils at 63°, and volatilizes rapidlj even at the 
common temperature. The vapor is brownish-red. Bromine bleacbes 
vegetable colors like chlorine ; it is pretty soluble in water^ but dissolyes 
more readily in alcohol^ and very nreely in ether. The Solutions are 
yellowish-red. 

2. Hydrobromic acid gas, its aqueous Solution, and the 
METALLic BROM IDES ofler in their general deportment a great analogy 
to the corresponding chlorides. 

3. Nitrate qfsilver produces in aqueous Solutions of hydrobromic acid 
er of bromides a yellowish- white precipitate of bromide op silveb 
(Ag Br), which changes to gray upon exposure to light ; this precipitate 
is insoluble in dilute nitric acid, and somewhat sparingly soluble in 
ammonia, butdissolves with facility in Cyanide of potassium. 

4. Nitrate of protoxide of Palladium^ but not protochloride of palla- 
dium, produces in neutral Solutions of metallic bromides a reddish-brown 
{^ecipitate of protobromide op Palladium. In^concentrated Solu- 
tions this precipitate is formed immediately ; in dilute Solutions it makes 
its appearance only after Standing some time. 

0. Nitrie acid decomposes hydrobromic acid and the bromides, with 
the exception of bromide of silver and bromide of mercury, upon the 
application of heat, and liberates the bromine, bv oxidizing tne hydrogen 
or the metal. In the case of a Solution, the li()erated bromine colors it 
yellow or yellowish-red. With bromides in the solid State or in con- 
centrated Solution, brownish-red (if diluted, brownish-yellow) vapors of 
bromine gas escape at the same time, which, if evolved in sufficient 

?!uantity, condense in the cold part of the test-tube to small drops. 
n the cold, nitric acid, even the red ftiming, fails to liberate the bromine 
in very dilute Solutions of bromides, nor is it liberated by Solution of 
hyponitric acid in hydrated sulphuric acid, or by hydrochloric acid und 
nitrite of potassa. 

6. Chloriney in the gaseous State or in solutio?iy immediately liberates 
bromine in the Solutions of its Compounds ; the fluid assuming a yel- 
lowish-red tint if the quantity of the bromine present is not too minute. 
A large excess of chlorine must be avoided, since this will cause forma- 
tion of Chloride of bromine, which will destroy the color wholly or 
nearly so. This reaction is made much more delicate by addition of a 
fluid which dissolves bromine and does not mix with wnter, as sulphide 
of carbon or Chloroform. Mix the neutral or feebly acid Solution in a 
test-tube with a little of one of these fluids, sufficient to form a large 
drop at the bottom, then add dilute chlorine-water drop by drop, and 
shaKe the tube. With appreciable quantities of bromine, e.g. 1 part in 
1000 parts of water, the drop at the bottom acquires a reddish-yellow 
tint; with very-minute quantities (1 part of bromine in 30,000 parts of 
water), a pale yellow tint, which, however, is still distinctly discernible. 
Ether was formerly used for this reaction ; this agent is bif no means 
80 well suited for it. A large excess of chlorine-water must be avoided 
in this experiment also, andit must always be ascertained first whether 
the chlonne-water, mixed with a large quantity of water and some 
I. o 
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sulphide ofcarbon or chloroforiD, and shaken, will leave these reagents 
quite uncolored. If not, the cblorine-water is not suited for the intended 
purpose. If the Solution of bromine in sulphide of carbon or Chloroform 
(or ether) is mixed with some Solution of potassa, the mixture shaken, 
and heat applied, the jellow color disappears, and the Solution now con- 
Itins bromide of potassiuro and bromate of potassa. Bj evaporation and 
ignition the bromate of potassa is converted into bromide of potassium, 
and the ignited mass may then be further tested as directed in ?. 

7. If bromides are heated with binoxide qf mangtmese and hydrated 
mlphuric acid, brownish-red vAroRS op bromine are evolved. 
Presence of chlorides in large proportion is not favourable to the re- 
action and requires addition of some water, and the sulphuric acid to be 
added gradually in very small quantities. If the bromine is present only 
in very minute quantity, the color of these vapors is not visible. But 
if the mixture is heated in a small retort, and the evolved vapors are 
transmitted through a long glass condenser, the color of the Dromine 
vapors may generally be seen by looking lengthways through the tube, 
and the first drops of the distillate are also eolored yellow. The first 
vapors and the first drops of the distillate should be received in a test- 
tube containing some starch moistened with water \ since 

8. If moistened stank is brought into contact wich free bromine, 
more especially in form of vapor, yellow bromide of starch is 
formed. The coloration is not always instantaneous. The reaction is 
rendered most delicate bv sealing the test-tube which contains the 
moistened starch and the nrst drops of the distillate from 7, and then 
cautiously inverting it, so as to cause the moist starch to occupy the 
Upper part of the tube whilst the fluid occupies the bottom. The 
presence of even the slightest trace of bromine will now, in the course 
of from twelve to twenty-four hours, impart a yellow tint to the starch, 
which, however, after some time, will again oisappear. The reaction 
mny be called forth in a simple manner, almost witn the same degree of 
delicacy, by gently heating the fluid containing free bromine, or also 
the original mixture of bromide, binoxide of mangancse, and sulphuric 
acid, in a very small beaker, covered with a watch-glass with a slip of 
jiaper attached to the lower side, moistened with starch paste, and 
gprinkled with starch powder. 

9. If sulphuric acid is poured over a mixture of a bromide with chro- 
fnate of potassa^ and heat is then applied, a brownish-red gas is evolved, 
exactly as in the case of chlorides. But this gas consists of pure bro- 
MiNE, and therefore the fluid passing over does not turn yellow, but 
becomes colorless upon supersaturation with ammonia. 

10. Ifa Solution of hydrobromic acid or a bromide is. mixed with a 
little Chloride ofgold a straw color or dark orange color is produced from 
the formation of bromide of gold. Ifiodine is present it mustbere- 
moved before the Solution ofgold is added (Bill). 

11. In the metallic bromides which are insoluble in water and nitric 
acid, the bromine is detected in the same way as the chlorine in the 
corresponding chlorides. 

12. If a substance containing bromine is added to 9k phosphate of soda 
and ammonia bead satwrated with oxide ofcopper^ and the bead is then ignited 
in the inner blowpipe flame, the flame is eolored blue, inclining to 
GREEN, more particularly at the edges (Berzelius). With regara to 
the spectrum of bromide of copper see § 157. 
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§ 154. 
e, Hydriodic Acid (HI). 

1. loDiNE is a solid soft bodv of a peculiarly disagnreeable odor. Jt 
» generally seen in the form oi black, shining, crjstalline scales. It 
fiises st a gentle heat \ at a somewhat higher temperature it is converted 
intD vapor, which has a beaatiM violet-blue color, and condenses upon 
cooling to a black Sublimate. It is yery sparinglj soluble in water, but 
readily in alcohol and ether, aswell as in Solution of iodide of potassium. 
The aqiieous Solution is light-brown, the alcoholic, ethereal, and iodide of 
potassium Solutions are deep red-brown. lodine destroys vegctable 
oolors only slowly and imperiectly ; it stains the skin brown ; with starch 
it forms a Compound of an intensely deep blue color. This Compound 
is formed invariably where iodine vapor or a Solution containing free 
iodine comes in contact with starch, best with starch-paste. It is de- 
composed by alkaÜes, by chlorine and bromine, and by sulphurous acid 
and other reducing agents. 

2. Hydriodic acid gas resembles hydrochloric and hydrobromic 
acid gas ; it dissolves copiously in water. The colorless hydrated hydri- 
odic acid tums speedily to a reddish-brown in contact with the air, 
water being formed, and a Solution of iodine in hydriodic acid. 

3. The lODiDES also correspondinmanyrespects withthechlorides. 
Of the iodides of the heavy metals, however, many more are insoluble 
in water than is the case with the corresj)onding chlorides. Many 
iodides have characteristic colors, e,g. iodide of lead, subiodide and iodic^ 
of mercury. 

4. Nitrate of silver produces in aqueous Solutions of hydriodic acid 
and of iodides yellowish-white precipitates of iodide of silver (AgI), 
which blacken on exposure to light ; these precipitates are insoluble in 
dilute nitric acid, and very sparingly soluble in ammonia, but dissolve 
readily in Cyanide of potassium. 

ö. Protoehhride of palladium and nitrate ofprotoande ofpalladium pro- 
dace even in very dilute Solutions of hydriodic acid or metallic iodides, 
a brownish-black precipitate of protiodide of Palladium, which 
dissolves to a trining exten t in saline Solutions (chloride of sodium, 
Chloride of magnesium, &c.), but is insoluble or nearly so in dilute 
cold hydrochloric and nitric acids. 

6. A Solution of 1 part of sulphate of copper and 2J parts of sulphate 
qfprotoxide ofiron throws down from neutral aqueous Solutions of the 
iodides subiodide of copper (Cu,I), in the form of a dirty white 
precipitate. The addition of ammonia promotes the complete precipi- 
taäon of the iodine. Chlorides and bromides are not precipitated uy 
this reagent. Instead of using the mixture of sulphates, sulphate of 
copper alone may be added, and afterwards enou^h sulphurous acid to 
remove the brown colour produced by separated iodine. 

7. Pure nitric acid, free from nitrous acid, decomposes hydriodic acid 
or iodides only when acting upon them in its concentrated form, par- 
ticularly when aided by the application of heat. But nitrous acid and 
kypotntrio acid decompose hydriodic acid and iodides witli the greatest 
facili^ even in the most dilute Solutions. Colorless Solutions of iodides 
thererore acquire immediately a brownish-red color upon addition of 
•ome red fiiming nitric acid^ or of a mixture of this with concentrated 

o2 
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sulphuric acid, or, better still, upon addition of a Solution of hyponitric 
acia in hydrated sulphuric acid, or of nitrite of potassa and some sul- 
phuric or hydrochloric acid. From more concentrated Solutions the 
lodine separates in the form of black scales, whilst nitric oxide and 
iodine vapor escape. 

8. As the blue coloration of iodide of starch remains visible in 
much more highly dilute Solutions than the yellow color of Solution of 
iodine in water, the delicacy of the reaction juf?t now described (7) is 
considerably heightened by mixing the fluid to be tested for iodine 
first with some thin tolerably clear starch-paste, then adding a few 
drops of dilute sulphuric acid, to make the fluid strongly acid, and 
finally one of the reagents given in 7. Of the Solution of hyponitric 
acid in sulphuric acid a singie drop on a glass rod suffices to produce 
the reaction most distinctly. I can therefore strongly recommend this 
reagent, which was first proposed by Otto. Red inming nitric acid 
must l)e added in somewhat larger quantity. to call forth the reaction 
in its highest intensity; this reagent thereiore is not well adapted to 
detect very minute quantities of iodine. The reaction with nitrite of 
potassa also is very delicate. The fluid to be tested is mixed with 
dilute sulphuric acid or with hydrochloric acid to distinctly acid re- 
action, and a drop or two of a concentrated Solution of nitrite of potassa 
is then added. In cases where the quantity of iodine present is very 
minute the fluid tums reddish, insteaa of blue. An excess of the fluid 
containing nitrous acid or hyponitric acid does not materially impair 
the delicacy of the reaction. As iodide of starch dissolves in hot water 
'X) a colorless liquid, the fluids must of necessity be cold ; the colder 
hey are the more delicate the reaction. To attain the highest degree of 

delicacy, cool the fluid with ice, let the starch deposit, ana place 
the test-tube upon white paper to observe the reaction (compare also 
§ 167). 

9. Chlorine gas and ehlorine-water decompose Compounds of iodine 
also, setting the iodine free ; but if the chlorine is applied in excess the 
liberated iodine combines with it to colorless chloride of iodine. A 
dilute Solution of the metallic iodide, mixed with starch-paste, acquires 
therefore upon addition of a little chlorine-water at once a blue tint, 
but becomes colorless a^in upon addition of more chlorine-water. 
As it is therefore difficult not to exceed the proper limit, especially 
where the quantity of iodine present is only small, chlorine-water is 
not well-adapted for the detection of minute quantities of iodine. 

10. If a Solution containing hydriodic acid or an iodide is mixed 
with Chloroform or sulphide of carbon, so as to leave a few drops undis- 
solved, and one of the agents by which iodine is liberated (a drop of a 
Solution of hyponitric acid in sulphuric acid — ^hydrochloric acia and 
nitrite of potassa — chlorine-water, &c.) is added, the mixture vigorously 
shaken, and then allowed to stand at rest, the Chloroform or the sulphide 
of carbon, colored a deeper or lighter violet-red by the iodine dissolved 
in it, subsides to the bottom. This reaction also is exceedingly delicate. 
If a Solution containing free iodine is shaken with petroteuniy benaol, or 
ether, the two former are colored red, the ether reddish-brown or yellow. 
lodine colors ether much more intensely than an equal quantity of 
bromine. 

11. If metallic iodides are heated with emeentrated sulpkwrie aeid, 
OT with sulphuric acid and bincxide of man^ancse, or with su^ttric acid 
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and ekromate qfpotassa, or with sesquiMoride of iron and a little hydrochUric 
acidy iodine separates, which may be known bv the color of its vapor, 
or in the case of very minute quantities, by its action upon a slip of 
paper coated with starch-paste. 

13. The iodides which are insoluble in water and nitric acid comport 
themselves upon fusion with carhonate of soda and potassa in the same 
manner as the corresponding chlorides. 

13. A phosphate of soda and ammonia bead saturated with oxide of 
copper^ when touched with a substance containing iodine, and ignited 
in the inner blowpipe flame, imparts an intense qreen color to the 
flame. With regard to the speclrum of iodide of copper see § 157. 

§ löö. 
d. Hydrocyanic Acid (H Cy). 

1. Ctanooen is a colorless gas of a peculiar penetrating odor; it 
bums with a crimson fiame, and is pretty soluble in water. 

2. Hydrocyanic acid is a colorless, volatile, inilammable liquid, 
the odor of which distantly resembles that of bitter almonds; it is 
miscible with water in all proportions ; in the pure State it speedily 
Buffers decomposition. It is extremely poisonous. 

3. The CYANIDE8 with alkalies and alkaline earths are soluble in 
water; the Solutions smell of hydrocyanic acid. They are reudily 
decomposed by acids, even by caroonic acid. Cyanides of potassium 
and sodium are not decomposed by fusion if air is excluded ; when 
fused with oxides of lead, copper, antimony, tin, &c., they reduce 
these oxides, and are converted into cyanates. Only a few of the 
cyanides with heayy metals are soluble in water; all of them are 
decomposed by ignition, the cyanides of the noble metals beinff con- 
verted into cyanogen gas and metal, the cyanides of the other neavy 
metals into nitrogen gas and metallic carbiaes. Many of the cyanides 
with heavy metals are not decomposed by dilute oxygen acids, and only 
with difficulty by concentrated nitric acid. By heating and evapora- 
tion with concentrated sulphuric acid all cyanides are decomposed; 
hydrochloric acid decomposes a few of them; hydrosulphuric acid 
decomposes many cyanides. 

4. The CYANIDES have a great tendency to combine with each other ; 
hence most of the cyanides of the heavy metals dissolve in Cyanide of 
potassium. The resulting Compounds are either : 

a. True double salts, Compounds of the second order, e,g.y K Cy + 
Ni Cjr. From Solutions of such double salts acids, by decomposing the 
cyamde of potassium, precipitate the metallic Cyanide which was com- 
bined with it. — Or, 

b. Simple haloid salts, Compounds of the first order, in which a 
metal e.ff,y potassium, is combined with a Compound radical consisting 
of cyanogen and another metal (iron, cobalt, manganese, chromium). 
The ferro- and the ferricyanide of potassium, (K, Cy, Fe or K, Cfy and 
K, Cy. Fe, or K, Cfdy,) and cobalticyanide of potassium, (K,Cy,Co,), 
are Compounds of this kind. From Solutions of Compounds of this nature 
dilute acids do not separate metallic cyanides m the cold. If the 
potassium is replaced by hydrogen, peculiar hydrogen acids are formed, 
which most not be conibunded with hydrocyanic acid« 
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We will now first consider the reactions of hjdrocranic acid and the 
simple cyanides, theo, in an appendix to this paragraph, thoae of 
hyaroferro- and hydroferricyanic acid. 

5. Nitrate of silver produces in Solutions of free hydrocyanic acid and 
of cyanides of the alkali metals white precipitates of cyaxide of 
8ILVER (AgCy), which are readily soluble in Cyanide of potassium, 
dissolve with some difficulty in ammonia, and are insoluble in dilnte- 
nitric acid ; these precipitates are decomposed by ignition, leaving 
metallic silver with some paracyanide of silver. 

6. If a Solution of sulphate ofprotoxide of iron and a few drope of 
sesquichlaride of iron are added to a Solution of free hydrocyanic acid no 
alteration takes place ; but if Solution of potassa or soda is now added a 
bluish-green preeipitate forms, which consists of a mixture of Prussian- 
blue (Fe^ Cfy,), and hydrate of protosesquioxide of iron. Upon now 
adding" hydrochloric acid (best after previous application of neat) the 
hydrate of protosesquioxide of iron dissolves, whilst the Prüssian- 
BLüE remains undissolved. If only a very minute quantity of hydro- 
cyanic acid is present the fluid simply appears green afler the addhiQii 
of the hydrochloric acid, and it is only after long standing that a 
trifling blue preeipitate separates from it. The same final reaction is 
observed when a mixture of protosalt and persalt of iron is mixed 
with the Solution of an alkaline Cyanide^ and hydrochloric acid is then 
added. 

7. Ifa liquid containing a little hydrocyanic acid or Cyanide of potas- 
sium is mixcd with suificient yellow sulphide of ammonium to impart a 
yellowish tint to the fluid, then with a little ammonia, and the mixture 
IS warmed in a porcelain dish, with renewal of the water if necessary, 
until it has become colorless, and the excess of sulphide of ammonium is 
decomposed or volatilized, the fluid contains now sulphocyanide of 
ammonium. and after being acidified with hydrochloric acid (which 
must not be attended with disen^gement of hydrosulphuric gas), 
acquires a blood-red tint upon addition of sesquichloride of iron 
(V. LiEBia). This reaction is exceedingly delicate. The foUowing 
formula expresses the transformation of hydrocyanic acid into sulpho- 
cyanide of ammonium : N H, S. + 2 (N H,0) + 2 H Cy = 2 (N H„ Cy S J + 
In H^ S + 2 H 0. If an acetate is present the reaction takes place only 
upon addition of more hydrochloric acid. To discover the cyanogen 
in insoluble Compounds by Converting it into sulphocyanide of iron you 
muy proceed as foUows : — Fuse some hyposulphite of soda in the 
loop of a platinum wire tili the water of crystailization has escaped, 
an(i the mass swells out, dip it in the substance, heat for a little time, 
removing it from the flame as soon as the sulphur begins to burn, and 
then dip the mass in a few drops of ferric chioride mixed with a little 
hydrochloric acid. A permanent blood-red color will be produced. If 
the substance is heated too long the reaction iails, as the sulphocyanide 
of sodium formed is then destroyed ogain. This method is well suited 
to distinguish chioride, bromide, or iodide of silver from Cyanide of 
silver (A. Fröhde), 

8. On mixinsf a moderately concentrated Solution of an alkaline 
Cyanide with a little picric acid Solution (1 of picric acid to 2ö0 of 
water) and boiling, the fluid appears dark-red from formation of 
picrocvanate of potassa, the coloration increasing in intensity by stand- 
ing. If the Solution of the alkaline Cyanide is very dilute^ no more 
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picric acid miistfe Bdded than is sufficientjust to color the fluid lemon- 
yellow. Afitr boilins'y the red coloration often does not make its 
appeampoe tili the fluid has cooled and stood some time. The reaction 
is Y9gf delicate (C. D. Braux). 

9. On saturating Alter paper with freshlj prepared tincture of 
gnaiacom containing^ 3 or 4 per cent. of the resin^ allowing; the alcohol 
to eyaporate^ moistening the paper with Solution of sulphate of copper 
eontainin^ \ per cent. of the sah, and then exposing it to air, in which 
a trace of h jdrocjanic acid is present, it becomes blue irom a Separation 
of active oxygen. 3CuO+ 2HCy = Cu,Cy,CuCy + 2H0 + O 
(Paoenstechkk, Schönbeix). 

10. If a very dilute Solution of iodide of starch is mixed with a 
trace of hydrocyanic acid, or after addition of dilute sulphuric acid, 
with a trace ot an alkaline Cyanide, the blue color wiA disappear 
immediately, or after a short time, the iodine and the hydrocyanic acid 
being transformed into iodide of cyanogen and hydriodic acid 
(Schönbein). This is a very delicate reaction, but cannot be relied 
upon without further tests, as many other substances decolorize iodide 
Ol starch. 

11. Neither of the above methods will serve to efiect the detection 
of cyano<^n in Cyanide of mercury. To detect cyanogen in that 
Compound the Solution is mixed with hydrosulphuric acid : sulphide of 
mercury precipitates, and the Solution contains free hydrocyanic acid. 
In solid Cyanide of mercury the cyanogen is most readily detected by 
heating in a glass tube. (Compare 3.) 

Appendix, 

a. Hydroferroeyanie acid (H, Cfy). Hydroferrocyanic acid is soluble 
in water. Some of the ferrocyanides, as those containing metals of the 
alkalies and alkaline earths, are soluble in water ; but the greater part 
of them are insoluble in that menstruum. All the ferrocyanides are 
decomposed by ignition ; where they are not quite anhydrous, hydro- 
cyanic acid, carbonic acid, and ammonia escape, otherwise nitrogen and 
occasionally Cyanoo^en. In Solutions of hydroferrocyanic acid or of 
soluble ferrocyanides sesquichloride of iron produces a blue precipitate of 
FERROCTANiDE op IRON (Fo^ Cfy,) ; sulphate of copper a brownish-red 
precipitate ofPERROCYAN IDE OP copper (Cu^ Cly) ; nitrate of silver & 
white precipitate of ferrocyanide op silver (Ag, Cfy), wbich is 
insoluble in nitric acid and in ammonia, but dissolves in Cyanide of 
potassium. If a not too dilute Solution of an alkaline ferrocyanide is 
mixed with hydrochloric acid, and some ether is poured on the top of the 
mixture, hydroperrocyanic acid will separate in the crystalline 
form where the two fluids meet. Insoluble ferr(»cyanides are de- 
composed by boiling" with Solution of soda, ferrocyanide of sodium 
being formed, and rbe oxides thrown down, unless they are soluble 
in soda. If ferrocyanides are heated with a mixture ot 3 parts con- 
centrated sulphuric acid, and 1 part water, tili the free acid is ex- 
pelled, they are decomposed, and the cyano&^en is driven ofl* in the 
form of hydrocyanic acid ; the metals remain behind as sulphates. On 
projecting metallic cyanides into Aising nitrate of potassa, tne cyanogen 
18 converted into caroonic acid and mtrogen, and the metaijs are con- 
▼erted into oxides^ which remain in the crucible 
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b, Hydroferricyanic acid (H Cfdy). Hydroferricyanic acid and many 
of the ferricyanides are ßoluble in water ; all ferricyanides are de- 
composed by i^ition like the ferrocyanides. In the aqueous Solutions 
of hydroferricyanic acid and its salts sesquichloride of iron produces no 
blue precipitate ; but sulphate of protoxide of iron produces a blue pre- 
Mpitate of PROTOFERRiCYANiDE DP IRON (3 Fe, Cfdy) j sulphate of 
^opper a yellowish green precipitate of ferricyanide of copper 
^'3 Cu, Cfdy), which is insoluble in hydrochloric acid ; nitrate of silver 
an orange-colored precipitate of ferricyanide of silver (3 Ag, Cfdy), 
which is insoluble in nitric acid, but dissolves readily in ammonia and 
in Cyanide of potassium. The insoluble ferricyanides are decomposed 
by boiling with Solution of soda, the metallic oxides being tlurown 
down ; in the fluid filtered off from them either ferricyanide of sodium 
alone is found, or a mixture of ferro- with ferricyanide of sodium. By 
heating with a mixture of 3 parts concentrated sulphuric acid, and 
1 part water, and also by fusing with nitrate of potassa, the ferri* 
cyanides are decomposed hke the ferrocyanides. 

§ 156. 
e. Hydrosulphuric Acid (HS). 

1. SuLPHüR is a solid, brittle, friable, tasteless body, insoluble in 
water. It occurs occasionally in the form of yellow or brownish 
crystals, or crystalline masses of a yellow or brownish color, and occa- 
sionally in that of a yellow or yellowish-white, or grayish-white powder. 
It melts at a moderate heat 3 upon the application 01 a stronger heat it 
is converted into brownish yellow vapors, which in cold air condense to 
a yellow powder, and on the sides of the vessel to drops. Heated in 
the air it ourns with bluish flame to sulphurous acid, wnich betrays its 
presence at once by its suffocating odor. Concentrated nitric acid, 
nitrohydrochloric acid, and a mixture of chlorate of potassa and hydro- 
chloric acid dissolve sulphur gradually, with the aid of a moaerate 
heat, and convert it into sulphuric acid ; in boiling Solution of soda 
Bulphur dissolves to a yellow fluid, which contains sulphide of sodium 
and hyposulphite of soda ; in cold ammonia it is insoluble, in warm 
ammonia it dissolves to a small extent. Sulphide of carbon dissolves 
the ordinary variety of sulphur with ease, but there is a kind which is 
insoluble in this menstruum. 

2. Hydrosulphuric acid, atthe common temperature, and under 
common atmospheric pressure, is a colorless inflammable gas, soluble in 
water, readily recognised by its smell of rotten eggs ; it transiently im- 
parts a red tint to litmus-paper. 

3. Of the suLPHiDES only those with alkalies and alkaline earths 
are soluble in water. These, as well as the sulphides of iron, mang*anese, 
and zinc, are decomposed by dilute minerai acids, with evolution of 
hydrosulphuric acid gas, which may be readily detected by its smell, and 
by its action upon Solution of lead (see 4). Tue decomposition of higher 
sulphides is attended also with Separation of sulphur in a finely-divided 
State ; the white precipitate may be readily distmguished irom similar 
precipitates by its deportment on heating. Part of the sulphides of the 
metals of the fiflh and sixth groups are aecomposed by concentrated and 
boiling hydrochloric acid^ with evoluäon of nydrosulphuric acid gaa^ 
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whilst others are not dissolved by hydrochloric acid, but by concentrated 
and boiling* nitric acid. The Compounds of sulphur with mercury, gold, 
mnd platinum^ resist the action of ooth acids, but dissolve in nitrohydro- 
ehloric acid. lipon the Solution of sulphides in nitric acid, and in 
nitrohydrochloric acid, suljphuric acid is lormed, and in most cases sul- 
phur is also separated. Many metallic sulphides, more especially those 
of a higher degree of sulphuration, give a Sublimate of sulphur when 
heated in a tube sealed at one end. All sulphides are decomposed by 
fiision with nitrate of potassa and carbonate of soda ; on extracting* the 
fiision with water the sulphur is found in Solution as alkaline sulphate. 

4. If hydrosulphuric acid, in the gaseous State or in Solution, is 
brought into contact with nitrate of silver or acetate of lead, black precipi- 
tates of suLPHiDE OF SILVER or SULPHIDE OF LEAD are formed. In 
cases therefore where the odor fails to afford sufficient proof of the pre- 
sence of hydrosulphuric acid, these reagents will remove all doubt. If 
the hydrosulphuric acid is present in the gaseous form the air suspected 
to contain it is tested by placing in it a small slip of paper moistened 
with Solution of acetate of tead and a little ammonia ; if tne gas is present 
the slip becomes covered with a brownish -black shining film of sulphide 
of leaa. To detecc a trace of an alkaline sulphide in presence of a free 
alkali or an alkaline carbonate, the best way is to mix the fluid with a 
Solution of oxide of lead in soda, which is prepared by mixing Solution of 
acetate of lead with Solution of soda until the precipitate which forms at 
first is redissolved. 

5. If a fluid containing hydrosulphuric acid or an alkaline sulphide is 
mixed with Solution of soda, then with nitroprusside ofsodium* it acquires 
a fine reddish-violet tint. The reaction is very delicate ; but that with 
Solution of oxide of lead in soda is still more sensitive. 

6. If metallic sulphides are exposed to the oxidizing ßame of the 
Umop^j the sulphur Durns with a biue flame, emitting at the same time 
the well-known odor of sulphurous acid. If a metallic sulphide is heated 
in a fflass tube open at botu ends, in the upper part of which a slip of 
blue utmus-paper is inserted, and the tube is heia in a slanting position 
dnring the Operation, the escaping sulphurous acid reddens the litmus- 
paper. 

7. If a finely-pulverized metallic sulphide is boiled in a porcelain dish 
with Solution of potassa, and the mixture heated to incipient fusion of 
the hydrate of potassa, or if the test specimen is fused in a platinum 
spoon with hydrate of potassa, and tlie mass is, in either case, aissolved 
in a little water, a piece of bright silver (a polished coin) put into the 
Solution, and the fluid warmed, a brownish-black film of sulphide of silver 
forms on the metal. This film may be reraoved aflerwards by rubbing 
themetal with leatber and ouicklime (v. Eobell). 

8. If the powder of a sulphide which hydrochloric acid will not, or 
only with dimculty, decompose is mixed in a ifmall cylinder, or in a wide- 
necKedflask, with an equal volume of finely-divided iron free irom sulphur 
^ferrum alcoholisatum;, and some moderately dilute hydrochloric acid 
(1 volume of concentrated acid to 1 volume of water) is poured over 
the mixture, in a layer a few lines thick, hydrosulphuric acid escapes along 
with the bydrogen. This may be easily detected by placing a slip of 

* NItropnmide of sodium being a reagent whioh can very well be diBpensed with, 
I have omitted giving it a plaoe among the reagents. 
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paper moistened with Solution of acetate of lead, and dried again, under 
the cork, so that the bottom is covered by it, the ends of tne slip pro- 
jecting on both sides, and then loosely inserting the cork into the mouth 
of the ilask. Realgar, orpiment, and moljbdenite do not show this 
reaction (v, Kübel l). 

§ 157. 

Fecapitulatian and remarlts, — Most of the acids of the first group are 
also precipitated by nitrate of silver, but the precipitates cannot well ^ 
confounded with the silver Compounds of the acids of the second gvoup, 
since the former are soluble in dilute nitric acid, whilst tbe latter are 
insoluble in that menstruum. The presence of hjdrosulphuric aeid 
interferes more or less with the testing for the otiber acids oi the second 
group y this acid must therefore, if pres^it, be removed first before the 
testing for the other acids can be proceeded with. The removal of the 
hydrosulphuric acid, when peeecnt in the free State, may be effected by 
simple ebullition ; and trhen present in the form of an alkaline sulphide, 
by the additiou of a metallic salt, such as will not precipitate any of the 
other acids, or at least will not precipitate them from acid Solutions. 
Hydriodic and hydrocyanic acids may be detected, even in presence of 
hydrochloric or hydrobromic acid, by the equally characteristic and deli- 
cate reactions witn starch or sulphide or caroon (with addition of a fluid 
containing nitrous acid), and with Solution of protosesquioxide of iron. 
But the detection of chlorine and bromine is more or less difficult in 
presence of iodine and cyanogen. These latter must therefore, if present, 
De removed first before the proper tests for chlorine and bromine can 
be applied. The Separation, ofthe cyanogen may be readily effected by 
Converting the whole of the radicals present into salts of silver, and 
iffniting : the Cyanide of silver is decomposed in this process, whilst the 
Chloride, bromide, and iodide of silver remain unaltered. Üpon fusing 
the ignited residue with carbonate of soda and potassa. and boiling the 
fused mass with water, chloride, bromide, and iodide of the alkali metals 
are obtained in Solution. The fused silver Compounds may also be 
readily decomposed with zinc j all that is required for this purpose is to 
pour water over them, to add a little sulphuric acid and a fragment of 
zinc, to let the mixture stand some time, and finally to filter the Solu- 
tion of chloride, bromide, or iodide of zinc from the separated metallic 
silver. 

The iodine may be separated from the chlorine and bromine, by treat- 
ing the silver Compounds with ammonia, but more accurately by pre- 
cipitating the iodine as subiodide of copper. From bromine iodine is 
separated most accurately by protochloride of palladium, which only 
precipitates the iodine ; from chlorine it is separated by nitrate of prot- 
oxide of palladium. 

Bromine in presence of iodine and chlorine may be identified by the 
following simple Operation : Mix the fluid with a few drops of ailute 
sulphuric acid, then with some starch-paste, and add a little red fiimine 
nitric acid or, better still, a Solution of hyponitric acid in sulphuric aci{ 
whereupon the iodine reaction will show itself immediately. Add now 
chlorine- water drop by drop until that reaction has disappeared ; then 
add some more chlorine-water to set the bromine also free, which may 
then be separated and identified by means of Chloroform or sulphide of 
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carbon« Or the iodine after being liberated in a bigbly dilnte fluid 
may be also taken up with Chloroform or sulphide ot carbon, the 
aqneous fluid may then be filtered throug-h a meist filter, and the 
bromine detected in the filtrate by means of Chloroform or sulphide of 
carbon and chlorine-water. For the latter process you may Sub- 
stitute the following : immediately after the liberation of the iodine 
cautioasly add chlorine-water^ when the violet-red coloration will 
gradually fade away, and g^ve place to the brownish-red color indi- 
cative of bromine. 

The detection of chlorides in presence of bromides and iodides is best 
e£Eected by precipitating with nitrate of silver^ washing the precipitate, 
digesting it with a mixture of 1 part ammonia and 3 parts water, Alter- 
ing ofl^ tne iodide of silver, precipitating the filtrate with nitric acid, 
washing the precipitate (whicn contains chloride and bromide of silver 
with atrace of iodide), drjring it, ftising with carbonate of soda, extract- 
ias the fiision with water, neutralizing the Solution with sulphuric acid 
(the reaction may be somewhat alkaline), evaporating to dryness, fiising 
the residue with bichromate of potassa, and treating the fiision accord- 
ing to § 162, 7. The presence of much iodine interferes with the re- 
action, therefore it is directed to be removed. 

Äs re-gards the iodide of starch reaction, it must be noted that salts 
(alum, •iimiiae aolphates, sulphate of magnesia, &c.) diminish its deli- 
cacy. Also as regard^ ttiii nid the au^phide of carbon reactkm, thiEk 
when hyponitric acid is used to liberate the iodine, the presence of sul- 
phocyanides may occasion mistakes r^ADLER), since a reddish color 
may occnr in the absencc of iodine irom formation of pseudosulpho- 
cyanogen. By shaking with sulphide of carbon the coloring substance 
is for tne most part taken up. 

Besides the above mentioned agents for liberating iodine many others 
haTO been proposed, and may be employed ; thus, for instance, iodic 
acid or alkaline iodate and hyorochloric acid (v. Liebio) ; sesquichloride 
of iron and sulphuric acid, or bichloride of platinum, with addition of 
8ome hydrochloric acid(HEMP£L); permanganate of potassa in slightly 
acidified Solution (Henry), &c. With respect to these agents I have 
to observe that iodic acid must be used with the greatest caution, as a, 
in presence of reducing substances iodine is set free from the reagent, 
and b, an excess of iodic acid will at once put an end to the reaction. 
Sesquichloride of iron, with addition of sulphuric acid. will not act 
immediately upon very dilute Solutions } but ailber a time tue reaction will 
make its appearance, revealing the presence of even the minutest trace 
of iodine ; the delicacy of the reaction is not materially impaired by an 
excess of the reagent. Sesouichloride of iron may be used with 
advantage when iodine is to be liberated in the gaseous State, which 
should be done in the presence of sulpbocyanides. The fluid is then 
heated nearly to boiling, and the escaping fumes are made to act on 
paper smeared with fresh starch paste. Permanganate of potassa acts 
immediately, even in the most (ulute Solutions. However, as a fluid 
colored by minute trnces of iodide of starch is also apt to look reddish, 
the coloration imparted by the permanganic acid alone may lead to mis- 
takes in the iodide of starch test. From six to twelve nours should 
therefore always be allowed to elapse before judging of the actual nature 
of thß coloration. The nwdus operandi may oi course be modified in 
various ways to increase the delicacy of the starch reaction ] interesting 
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particulars upon thispoint maj be found in the papers of Morin* and 

HEMPEL.t 

Chlorine, bromine, and iodine, may also be distinguished from each 
öther by the spectroscope, for the spectra of their copper salts, though 
containing" many blue and green lines, vary in the position and pro- 
minence of the lines ; they may also be äetected in presence of one 
another, for by cautiously heating the silver salts with oxide of copper 
in a current ol hydrogen, and lignting the escaping gas, the flame will 
be colored first by the chloride of copper, then by the bromide of copper, 
and lastly by the iodide of copper (Al. Mitscherlich).! The use 
of this method requires considerable practice in consequence of the 
similarity of the spectra, and the method therefore appears to me of more 
scientific interest tnan practical importance. 

§158. 

Barer Acid$ of the Second Oroup, 

1. NiTBOUS Aom (N^O,). 

Nitrous acid, in the free State, at the common temperature, is a brownish-red gas. 
In contact with water it is converted for the most pari, at least, into nitric acid, which 
dissolves, and nitric oxide, which eacapes in part when the quantity of watnr is not 
yery large (8N0, + H0 = H0,N 0, + 2N0j). The nitrites are decompo«cd by 
igoition ; many of them are soluble in water. When nitrites or concentrated Solutions 
of nitrites are treated with dilute sulphuric acid it is not nitrous acid gas which is 
evolved, but nitric oxide gas, and the evolution is attended with formation of nitric 
acid. In Solutions of nitrites of the alkalies nürate of silver produces a white precipi- 
^te, which dissolves in a very large proportion of water, especially upon application 
of heat ; nUphoUe ofproioxide of tVon, upon addition of a small quantity of acid, pro- 
duces a dark blackish-brown ooloration, which is due to the nitric oxide gas dissolving in 
the Solution of the sulphate of iron. ßydrosulphuric acid produces in Solutions con- 
taioing nitrous acid, after neutralization by an acid of the free alkali, should any be 
present, a copious precipitate of sulphur, the reaction being attended aJso with forma- 
tion of nitrate of ammonia. Pyrogallic cu:id imparts a brown color to even very dilute 
Solutions of nitrites acidified with sulphuric acid (Schönbein). On addition of Cyanide 
ofpotasnum to an alkaline nitrite, then of some neutral Kolution of chloride of cobalt 
and a little acetic acid, the fluid becomes orange- rose colored from the formation of 
nitrocyanide of cobalt and potassium (G. D. Bbaun). But the most delicate reagent 
for nitrous iftsid is Solution of iodide of pcdauium mixed wiih starch paste, especially 
upon addition of sulphuric acid (Pbick, Sohönbsin). Water containing the one 
hundred thousandth part of nitrite of potassa, together with free sulphuric acid, is 
colored distinctly blue by this reagent in a few seconds, and a few minutes sufihce to 
produce the same effect in water containing one millionth part of nitrite of potassa. 
Let it be bome in mind that this reaction is reliable only where no other substance is 
present that might exerciae a decomposing action upon iodide of potassium, such, for 
instance, as iodic acid, sesquiozide of iron, &c. On adding indigo fo/tUum to water 
tili the latter bas lost its transparence from the depth of color, then hydrochloric acid 
and after wards a Solution of a&aline polynUphide with sUrring, tili the blue color just 
vanishes, filtering and adding to the dear filtrate a Solution of the merest trace of 
nitrous acid, a most distinct bluish ooloration will at once be produced. This reaction 
is to be recommended in the presence of other reducing bodies which interfere with the 
action of nitrous acid upon an acidified Solution of starch and iodide of potassium 
(Sobönbkin). But it must not be overlooked that other oxidixing subetances repro- 
duce the blue color. On mixing a Solution of nitrous acid (for instance, a Solution of 
nitrite of potassa acidified with acetic acid) with tulphocyanide of potataiwn^ the fluid 
is not colored, but on the further addition of nitric acid, a dark-red color roakes its 
appearauce, which vanishes on addition of alcohol or after heating for a short time 
(difference from sulphocyanide of iron). The ooloring substance is mostly taken up. 



* Joum. f. prakt. Ohem. 78, 1. f Ann. d. Chem. u. Pharm. I07a ^02. 

X Zeitsohr. f. anal. Chem. 4, 153. 
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from lliit by thaking witb sulphide of carbon. It will be evident ihat tbis reaction is 
dae to bjponitric »cid and not to nitrouB aoid, benoe it may be uied to diBtingniBb 
between tbo twa 

2. Htpoohlo&ous Aom (CIO). 

HjpocblorouB acid, at tbe common teraperature, is a deep yeHowiBb-ffreen gas of a 
diwag ü e ca ble irritatiDg odor, similar to that of chlorine. It diasolvee m water ; the 
öihite aqneouB Solution bean distillation. The bypociilorites are usually found in com- 
btoation witb metallic cbloride«, aa is the case, for instance, in cbloride of lime, eau de 
JattUe, ftc Tbe Solutions of bypocblorites undergo alteration by boiling, the bypo- 
chloiite being msolved into cbloride of tbe metal and chlorate of the oxide, attended, 
in th« oase of concentrated, but not in that of dilute Solutions, with evolution of oxygen. 
If a Solution of cbloride of lime is mixed witb bydrochloric acid or sulphuric acid, chlo- 
rine is disengaged, whilst addition of a Uttle nitrio acid leads to the liberation of hypo- 
ehloroiis acid. Nitrate of tilver throws down from Solution of cbloride of lime cbloride 
of silT«*r [tbe hypocblorite of silver, which forms at first. is speedily resolved into 
Chloride of silver and chlorate of silver: 8(AgO,Gl 0)=AgO, 010^ + 2 AgCl] : 
ftiiraie of Uad produces a precipitate which from its original white changes gradually 
to oraiige-red, and ultimately, owing to formaiion of binoxide» to brown ; iolU of 
pTotoxäe of nutnganese give brown-black precipitates of hydrate of binoxide of man- 
ganeiie. Solutitm of permanganate of potassa is not decolorized. Solutions of lümua 
zad indigo are decolorizHl even by the alkaline Solutions of bypocblorites, but still 
more rapidly and completely upon addition of an acid. If a Solution of arseiiious acid 
in bydrocbloric acid is oolored blue with Solution of indigo, and a Solution of cbloride 
of Urne is added, witb active stirring, the decoloration will take place only after the 
«hole of the arsenious acid bas been converted into arsenic acid. 

8. Chlobous Acid (CIO,). 

Cblorons acid is a yellowisb-green gas of a pecuHsr and very disagreeable odor ; it is 
solnble in water. Tbe Solution has an intensely yellow color, even when highly dilute, 
Most of tbe cblorites are soluble in water ; the Solutions readily suffer decomposition, 
the cblorites being resolved into Chlorides aod cblorateH. Nitrate of silver precipitates 
white cblorite of silver, which is soluble in much water. A Solution of permanganate 
iff potaua is immediately decomposed, and a brown precipitate separates after some 
tnne. ISneture of litmut and tolution of indigo are instantly decolorized, even if 
uixad with arsenious acid in excess. If a slightly acidified dilute Solution of a salt of 
yrotoxide of iron is mixed with a dilute Solution of chlorous acid, the fluid transiently 
aoqnires an amethyst tint, and assumes only after the lapse of a few seconds the yef* 
lowi^ ooloration of salts of sesquioxide of iron (Lenssbn). 

4. Htpofhobphobous Acid (PO). 

Tbe concentrated solotion of hypophosphorous acid is of syrupy consistence, and re- 
semblee that of phosphoroos acid (see § 148), with which it also bas this in common, 
that it is resolved by heating, with exclusion of air, into hydrate of pbosphoric acid 
and not spontaneously inflammable phospliuretted hydrogen gas. Almost all hypo- 
phospbites are soluble in water ; by ignition all <>f them are resolved into phosphate and 
pbospboretted hydrogen, which in most casea w spontaneously inflammable. Chloride 
of barium, chloride of calcium, and aceicUe of Uad fail to precipitate Solutions of hypo- 
pbospbites (difference from phosphorous acid). Nitrate of tilver gives with hypophos- 
phites at 'first a white precipitate of hypophosphite of silver, which turns black even 
at the common temperature, but more rapidly on heating, the change of color being 
attended with Separation of metallic silver. From chloride of mercury in excess hypo- 
phosphorous acid precipitates, slowly in the cold, more rapidly on heating, subchlonde 
of mercury. With zine and dilute sulphuric acid hypophosphorous acid gives hydrogen 
mixed with pbosphuretted hydrogen. (Compare § 148, Phosphorous Acid.) 
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JTiird Group, 

ACIDS WHICH ARE NOT PRECIPITATED BY SaLTS OP BaRYTA NOR BY 

Salts of Silver : Nitrio Äcid, Chlorio Acid (Perchloric Acid). 

§ 1Ö9. 
a. NiTRic Acid (N 0,). 

1. Anhydrous NITRIC ACID ciTStallizes in six-sided prisms. It 
fuses Rt29*ö**, and boils at about 4ö** (Deville). The pure hydrate 
is a colorless exceedinglj corrosive fluid^ which emits fumes in the air, 
exercises a rapidly destructive action upon or^anic substances, and 
colors nitrogenous matter intensely yellow. Hydrate of nitric acid 
containing hyponitric acid has a red colour. 

2. All the neutral 8ALT8 of nitric acid are soluble in water; only 
Bome of the basic nitrates are insoluble. All nitrates undergo decom- 
position at an intense red heat. Those with alkaline bases at first 
yield oxygen, and cbange to nitrites, afterwards they yield oxygen and 
nitrogen. Those with other bases yield oxygen and nitrous or hypo- 
nitric acid. 

3. If a nitrate is thrown upon red-hot charcoaly or . if charcoal or 
Bome organic substance, paper for instance, is brought into contact 
with a nitrate in fusion Deflagration takes place, 'i,e.. the charcoal 
burns at the expense of the oxygen of the nitric acid, with vivid 
Bcintillation. 

4. If a mixture of a nitrate with Cyanide of potassium in powder is 
heated in small quantity on platinum foil, a vivid Deflagration 
ensues, attended with distinct i^ition and detonation. Even very 
minute auantities of nitrates may oe detected by this reaction. 

6. Ii a nitrate is mixed with copperJtUngsy and the mixture heated 
in a test-tube with concentrated sulphuric acid, the air in the tube 
acquires a yellowish-red tint, owing to the nitric oxide, which is 
liberated upon the oxidation of the copper by the nitric acid com- 
bining with the oxygen of the air to hyponitric acid. The coloration 
may be obserred most distinctly by lookin^ lengthways through the tube. 

6. If the Solution of a nitrate is mixed with an equal volume of con- 
centrated sulphurio acid, iree from nitric and hyponitric acid, the mix- 
ture allowed to cool, and a concentrated Solution of sulphate ofprotoxide 
of iron then cautiously added to it so that the fluids do not mix, the 
junction shows at first a purple, afterwards a brown color, or, in cases 
where only a very minute quantity of nitric acid is present, a reddish 
color. On mixing the fluids a brownish purple-red clear fluid is 
obtained. In this process the nitric acid is decomposed by the prot- 
oxide of iron, three-fifths of its oxygen combining with the protoxide 
and Converting a portion of it into sesquioxide, whilst the remaining 
nitric oxide combmes with the remaining undecomposed salt of prot- 
oxide of iron, and forms with it a peculiar Compound, which dissolves 
in water to a brownish-black color. A similar reaction is observed in 
presence of selenious acid ; but on mixing the fluid, and letting it 
stand, red selenium separates (Wittstock). 

7. If some hydrocnloric acid is boiled in a test-tube. one or two 
drops of very dilute Solution qf sulphate qfindipo added, and the mixture 



§ 160J OHLOEIC ACH). 207 

boUed agaiiiy tfae fluid remains blue (provided the hydrochloric acid 
was free from chlorine). If a nitrate, solid or in Solution, is now added 
to the faint ligfat-blue fluid, and the mixture heated a^in to boiling, the 
eolor disappears owing to the decomposition of the mdigo blue. Thia 
is a most delicate reaction. It must be borne in mind, however, that 
seTeral other substances also cause decoloration of Solution of indigo — 
free chlorine more particularlj produces this eflect. 

8. If a little brueia is dissolved in concentrated sulphuric acid, and 
a small quantitj of a fluid containing nitric acid added to the Solution, 
the latter immediately acquires a magnificent red color. This reaction 
18 extraordinarily delicate. The color soon passes into reddish yellow. 
Chloric acid gives the same reaction. 

9. Dissolve one part of earhoUe acid in four parts of strong sulphuric 
acid, and add two parts of water. A drop or two of this fluid added to 
a soUd nitrate {e,g., to the residue obtained by evaporating a few drops 
of well-water containing nitrates) gives a reddish-brown color, from 
the formation of a nitro-compound. On addition of a drop or two of 
strong ammonia, this color tums yellow, sometimes passing through a 
gieen shade. A very delicate reaction (H. Sprengel). 

10. Very minute quantities of nitric acid may be detected also by 
reducing the nitric acid first to nitrous acid, which may be eflected both 
in the moist and in the dry way ; in the former by heating the Solu- 
tion of the nitric acid or of the nitrate for some time with finely- 
diyided zinc,best with zinc amalgam, and then filtering (Schoxbein); 
in the dry way by fusing the substance with carbonate of soda at a 
moderate heat, extracting the mass, after cooling, with water, and 
filtering. lipon adding either of the filtrates to a Solution of iodide 
of potassium mixed with starch-paste and dilute sulphuric acid, 
the fluid acquires a blue color from iodide of starch (comp. § 158, 1). 

§ 160. 
h, Chloric Acid (ClOJ. 

1. Chloric acid, in its most highly concentrated Solution, is a color- 
less or slightly yellowish oily fluid ; its odor resembles that of nitric acid. 
It first reddens litmus, then bleaches it. Dilute chloric acid is colorless 
and inodorous. 

2. All CHLORATES aro soluble in water. When chlorates are 
heated to redness^ the whole of their oxygen escapes and metallic 
Chlorides remain. 

3. Heated with oharcoal or some organic substance the chlorates 
DBFLAORATE, aud this with far greater yiolence than the nitrates. 

4. If a mixture of a chlorate with Cyanide of potassium is heated on 
■plfttJi^nT" foil, DEFLAGRATION takes place, attended with strong deto- 
nation and ignition, even though tue chlorate be present only in 
yerj small quantity. This experiment should be made with minute 
quantities only. 

5. If the Solution of a chlorate is colored light-blue with Solution of 
vndigOf a little dilute sulphuric acid added, and a Solution of sulphite of 
soda dropped cautiously into the blue fluid, the color of the indigo 
din{q>ears immediately. The cause of this equally characteristic and 
delicate naetion ia, tliat the sulphurous acid depriyes the chloric acid 
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of its oxygen, thus setting free chlorine or a lower oxide of it, which 
then decolorizes the Indigo. 

6. If chlorates are heated with moderately dilute hydroehlarie aeid the 
constituents of the two acids transpose, forming water^ chlorine, and 
2 Cl 0„ Cl 0,. The test-tube in which the experiment is made becomes 
filled in this process with a greenish-yellow gas of a very dis^reeable 
odor resembling that of chlorine ; the hydrochloric acid acquires a 
greenish-yellow color. If the hydrochloric acid is colored blue with 
Indigo Solution, the presence of very minute quantities of chlorates 
will suffice to destroy the indigo color at once. 

7. If a little chlorate is added to a few drops of coneentrated sulphurie 
acid in a watch-glass, two-thirds of the metallic oxide are'converted 
into sulphate, and the remaining one-third into perchlorate ; this con- 
version is attended with liberation of chlorochlonc acid. which imparts 
an intensely yellow tint to the sulphurie acid, and oetrays its pre- 
sence also by its odor and the greenish color of the evolved gas 
r3(K0,C10,) + 4(H0,S0,) = 2(K0,H 0,2803) + KO, C10,+ 
(C10„C10,) + 2H0]. The application of heat must be avoided in 
this experiment, and the quantities operated upon should be very small, 
since otherwise the decomposition might take place with such violence 
as to cause an explosion. 

8. Chloric acid shows the same deportment as nitric acid towards 
hruda dissolved in coneentrated mlphurio acid (Luck). Compare 
§ 159, 8. 

§161. 

Reeapitulatim and remarks, — Of the reactions which have been given 
to eflfect the detection of nitric acid, those with sulphate of protoxide of 
iron and sulphurie acid, with copper filings and sulphurie acid, with 
carbolic acia, and also those based upon the reduction to nitrites, give 
the most positive results ; with regard to dellagration with charcoal, 
detonation with Cyanide of potassium, decoloration of Solution of 
indigo and coloration with brucia, we have seen that these reactions 
belong equally to chlorates as to nitrates, and are consequently 
decisive only where no chloric acid is present. The presence of free 
nitric acid in a fluid may be detected by evaporating in a porcelain 
dish on the water-bath to dryness, having first thrown in a few quill- 
cuttings : yellow coloration of these indicates the presence of nitric 
acid (Kunoe). The best way to ascertain whether chloric acid is 
present or not (in the absence of other oxygen Compounds of chlorine) 
18 to ignite the substance, with addition of carbonate of soda, dissolve 
the mass, and test the Solution with nitrate of silver. If a chlorate is 
present, this is converted into a chloride upon ignition, and nitrate of 
silver will now produce a precipitate of chloride of silver. However, the 
process is thus simple only it no chloride is present with the chlorate. 
In presence of a chloride, the chlorine must be removed first by 
adding nitrate of silver to the Solution as long as a precipitate continues 
to form, and filtering ; the filtrate is then, aller addition of pure car- 
bonate of soda, evaporated and ignited. It is, however, generally 
unnecessary to pursue this circuitous way, since the reactions wita 
coneentrated sulphurie acid, and with indigo and sulphurous acid, are 
sufficiently marked and characteristic to aflbrd positive proof of the 
presence of chloric acid^ even in presence of nitrates. — ^The best waj of 
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detecting nitric acid in presence of a large proportion of cbloric acid is 
to mix the substance with carbonate of socla in excess, evaporate, 
ignite the residue gently^ bnt sufficiently long to convert the cnlorate 
iBto Chloride^ and then test the residue for nitric acid^ or for nitrous 
acid. 

162. 



Peboblobio Aon> (CIO,). 

Pore anbydroQt peroblorio acid is a colorleas, mobile fluid, which forms denie 
white fiinies in the air, an<l explodes with great violence when dropped on wood- 
charooal (Boeooi). The hjrdrate crystaüizea in needlea ; the concentrated aqaeous 
aohitioii is oily and heavj. The dilute Solution glTei by dietillation firat water, then 
dflnte acid, acd finally concentrated acid. All Perchlorates are soluble in water, inost 
€4 thea freely. They are all decompoeed by ignition, those with alkaline bases leaving 
eUoiides behind, with disengageinent of oxygen. Saltt of potaua produceJn not too 
dilnte tolationB a white crystslline precipitate of Perchlorate of potassa (K O, CIO,), 
whiefa ia aparingly soluble in water, insoluble in spirit of wine. Baryta talU and 
aih er taltM are not precipitated. Concentrated sulphuric acid falls to decompose per- 
ohlorio aeid in the oold, and decoinpoees it with difficulty on heating (difference from 
düoric acid). Hydrocbloric acid, nitric acid, and sulpburous acid fall to decompose 
aqneom Solutions of perchloric acid or Perchlorates ; Solution of indigo, therefore, pre- 
TMNnly added to it, is not decoloriced (difference from all other acids of ohlorine). 

II. Organ FC Acids. 
First Group. 

The HYDRATES OP THE ACIDS OF THE FiRST GrOüP ARE DECOM- 
P08ED ENTIRELY OR PARTIALLY BY lONITION.* ThE AcIDS ARE 

decomposed by boilinq with concentrated nitric acid.f 
Their Lime Salts are insoluble or difficultly soluble 
IN Water. The Solutions of their neutral Alkali Salts 

ARE NOT PRECIPITATED BY SeSQUICHLORIDE OF IrON : Oxolic Äcidy 

Tartaric Aeid (Racemic Acid), Oitric Acid, Malic Acid, 

§163. 
a. OxALic Acid. 
Fop the reactions of oxalic acid I refer to § 145. 

b. Tartaric Acid (2 H 0, C, H, ,). 

1. The HYDRATE OF TARTARIC ACID fonns colorless crystals of an 
agreeable acid taste, which arepersistent in the air, and soluble in 
water and in spirit of wine. Heated to 100®, tartaric acid loses no 
water; heated to 170**, it fiises; at a higher temperature it becomes 
carbonized, emitting during the process a very peculiar and highly 
characteristic odor, which resembies that of burnt sugar. Aqueous 
Solution of tartaric acid, as also of almost all tartrates, turns the plane 
of Polarisation of light towards the right. By heating with nitric acid 
tartaric acid is converted into oxalic, acetic, and saccharic acids. 

2. The TARTRATES with alkaline base are soluble in water, and so 
are tiiose with the metallic oxides of the third and fourth groups. 
Evaporated on the water-bath to syrupy consistence, the Solution of 
tartrate of sesquioxide of iron deposits a pulverulent basic salt. Those 

• Hjdrmte of oxalic aeid, wben canüonslT heated, parUally snblimes nnaltered. 
f Hie dMompodkiim of oxalio acid by boiling nitric «cid into carboxuo acid and 
witir ia bol slinr. 

!• P 
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of the tartrates which are insoluble in water dissolve in hjdrochloric or 
nitric acid. The tartrates sufPer decomposition when heated to redness ; 
cliarcoal separates, and the same peculiar odor is emitted as attends the 
carbonization of free tartaric acia. 

3. If to a Solution of tartaric acid, or to that of an alkaline tartrate, 
Solution of sesquioxide of iron or alumina is added in not too large pro- 
portion, and then anunonia or potassa, no precipitation of sesquioxide 
of iron or alumina will ensue, smce the douole tartrates formed are not 
decomposed bj alkalies. Tartaric acid prevents also the precipitation 
of several other oxides by alkalies. 

4. Free tartaric acid produces with salts ofpotassa, and more par- 
ticularly with the acetate^ a sparingly soluble precipitate of bitar- 
TRATE OF POTASSA. A similar precipitate is formea when acetate of 
potassa*and free acedc acid are added to the Solution of a neutral 
tartrate. The acid tartrate ofpotassa dissolves readily in alkalies and 
mineral acids ; tartaric acid and acetic acid do not increase its solubility 
in water. The Separation of the bitartrate of potassa precipitate is 
greatly promoted by shaking, or by mbbing the sides of the vessel 
with a glass rod. The delicacy of tne reaction may be heightened by 
concentrating the Solution of the tartaric acid. Addition of an equal 
volume of alcohol heightens the delicacy of the reaction. In the 
presence of boracic acid fluoride of potassium must be used instead of 
acetate of potassa, this forms boronuoride of potassium, and prevents 
the production of the soluble Compound of boracic acid^ tartaric acid, 
and potassa (Darfoed). 

5. Chloride of ealeium added in excess* throws down from Solutions 
of neutral tartrates a white precipitate of tartrate of limb 
(2 Ca 0, C, H^ Oj, + 8 aq.). Presence of ammoniacal salts retards the 
formation of this precipitate for a more or less considerable space of 
time. Agitation of the fluid or friction on the sides of the vessel 
promotes the Separation of the precipitate. The precipitate is crys- 
talline, or invariably becomes so afber some time ; it dissolves in a cold 
not over dilute Solution of potassa or soda, pretty free from carbonic 
acid, to a clear fluid. Dut upon boiling this Solution, the dissolved 
tartrate of lime separates a^in in the form of a gelatinous precipitate, 
which redissolves upon coofing. 

6. lÄme'water added in excess* produces in Solutions of neutral tar- 
trates — and also in a Solution of free tartaric acid, if added to alkaline 
reaction — white precipitates which^ flocculent at first, assume afierwards 
a crystalline form ; so long as they remain flocculent they are readily 
dissolved by tartaric acid as well as by Solution of chloride of ammonium. 
From these Solutions the tartrate offime separates again, afler the lapse 
of several hours, in the form of small crystials deposited upon the sides 
of the vessel. 

7. Solution qf sulphate of lime added in excess* feils to produce a 
precipitate in a Solution of tartaric acid; in Solutions of neutral tartrates 
of the alkalies, it produces a trifling precipitate after the lapse of some 
time. 

8. If Solution of ammonia is poured upon even a very minute quanti^ 
of tartrate of lime, a small fragment of crystallized mtrate of süver 

* Tartrate of potassa or soda dissolvss tartrate of lime (as well as oertaio etiler 
salts insoluble in water, such as phosphate of lime, sulphate of baiTta, fco.). Hencs 
tbe alUine tartrate must be fully decomposed bj the reagenL 
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addedy and the mixture slowly and graduallj heated, the sides of the 
teat-tube are corered with a bright coating- of metallic silver. If, in- 
atead of a crjstal, Solution of nitrate of silver be used, or heat be applied 
more rapidly, the reduced silver will separate in a pulverulent form 
(Abthur Casselxann^. 

9. ÄeeUUe of leadmoauces white precipitates in Solutions of tartaric 
acid and its salts. Ijie washed precipitate (2 Pb 0, C, H^O^J dissolves 
readilj in nitric acid and in ammonia free from carbonic acid. 

10. NUrate of silver does not precipitate free tartaric acid ; but in 
Solutions of neutral tartrates it produces a white precipitate of tar- 
TRATB OF SILVER (2 AgO, C, H^OjJ, which dissolves readily in nitric 
add and in ammonia ; upon boiling it turns black^ owing to reduction of 
the silyer. 

11. Upon heatinff hydrated tartaric acid or a tartrate with hydrate 
tfsm^tkurio aeidy the latter acquires a brown color almost simultaneouslj 
with the evolution of gas. 

164. 



e. CiTRic Acid (3 H 0, C„ H, J. 

1. Crtstallizbd CITRIC ACID, obtaiued by the cooling of its Solu- 
tion, has the fbrmula 3 H 0, C^, H^ 0^^ -f 2 aq. it crjstallizes in pellucid, 
oolorleas and inodorous crystals of an agreeable strongly acid taste, which 
diasolye readily in water and in spirit of wine, and eifloresce slowly in 
the air. Heated to 100® the crystallized acid loses its water of crys- 
tallization ; when subjected to the action of a stronger heat, it fuses at 
first, and afterwards carbonizes, with evolution of pungent acid fumes, 
the odor of which may be readily distinguished from that emitted by 
tartaric acid upon carbonization. By heating with a little nitric acid, 
citric add ghres oxalic and acetic acids, with much nitric acid it gives 
acetic acid only. 

2. The ciT RATES with alkaline base are readily soluble in water, 
as well in the neutral as in the acid State ; Solution of citric acid there- 
fore is not precipitated by acetate of potassa. The Compounds of citric 
acid with such of the metallic oxides as are weak bases, sesquioxide of 
iron, für instance, are also ireely soluble in water. E^aporated on the 
water-bath to syrupy consistence the Solution of citrate of sesquioxide 
of iron deposits no solid salt. Citrates, like tartrates, and for tne same 
reason, prevent the precipitation of sesquioxide of iron, alumina, &c., by 
alkalies. 

3. Chloride of ealeium fails to produce a precipitate in Solution of free 
citric acid, even upon boiling; but a precipitate of neutral citrate of 
LIMB (3 Ca 0, Cj, H, 0,j + 4 aq.) forms immediately upon saturating with 
potassa or soda the concentrated Solution of citric acid, mixed with 
Chloride of calcium in excess.'*' The precipitate is insoluble in potassa, 
bat dissolves freely in Solution of chloride of ammonium ; upon boiling 
this chloride of ammonium Solution, neutral citrate of Urne of the same 
composition separates again in the form of a white cry stalline precipitate, 
which however is now no longer soluble in chloride of ammonium. If 
a Solution of citric acid mixed with excess of chloride of calcium* is 
satnrated with ammonia^ a precipitate will form in the cold only after 

* Alkaline dtntes are aotnal tolTents for xnany oompoandB inaolable in water 
(ralphale of l>aryta» phoaphate of lime, Oxalate of lime, &o.). Heaoe the alkaline 
dtvate mnti be niUy deoompofed by the reagent. 

P 2 
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many hours' etanding ; but upon boiling the clear fluid, neutral citrate of 
lime of the properties just stated will suddenly precipitate. Bj heating 
eitrat« of lime with ammonia and ni träte of silver the latter salt is not 
reduced, or only to a trifling extent. 

4. Lime-water added in excess* produces no precipitate in cold Solu- 
tions of citric acid or of citrates. But upon boiling some time with a 
tolerable excess of hot prepared lime-water, a white precipitate of 
CITRATE OF LIME is formeo, of which the greater portion redissolves 
upon cooling. 

5. Äcetate of haryta added in excess to a soluion of an alkaline citrate 
whether hot or cold, produces an amorpbous precipitate of the formula 
3 Ba 0, C„ H, Ojj + 7 aq. Baryta water added in excess to citric acid 
produces the same precipitate. The precipitate does not make its ap- 
pearance in dilute Solutions, because it is not insoluble in water, but if 
such Solutions are heated, a precipitate separates which is first amorphous 
and soon turns to microscopic needles of the formula 3 Ba 0, C^, H, 0„ + 
5 aq. On heating this or the amorphous salt with excess of acetate of 
baryta for two hours on the wat«r-bath, another very characteristic salt 
is iormed. The latter consists of well-formed clinorhombic prisms, and 
has the formula 2 (3 Ba 0, C,, H, OjJ + 7 aq. If the Solution is very 
dilute the salt does not form tili after evaporation. This is an infallible 
reaction for citric acid (H. Kämmerer). From experiments made in 
my laboratory it appears that the addition of a drop of acetic acid ma- 
terially assists the transition to the characteristic salt. 

6. Acetate of lead added in excess to a Solution of citric acid produces 
a white amorphous precipitate of citrate of lead, which after wash- 
ing is readily soluble in ammonia free from carbonic acid. By digestion 
for several hours with water or acetic acid on a water-bath, the precipitate 
becomes crystalline, and then has the formula 3 Pb O, Cj, H, O^j + 3 aq. 
The microscope does not reveal the presence of well-formed crystals. 

7. Nitrate of silver produces in Solutions of neutral citrates of the 
alkalies a white flocculent precipitate of citrate of silver (3 AgO, 
Cj, H, Ojj). On boiling a rather large quantity of this precipitate with 
a little water a gradual decomposition sets in with Separation of silver. 

8. Upon heating citric acid or citrates with concentrated sulphurU 
acidy carbonic oxide and carbonic acid escape at first, the sulphuric acid 
retaining its natural color ] upon continued ebullition, however, the 
Solution acquires a dark color, and sulphurous acid is evolved. 

§ 16Ö. 

d, Malic Acid (2H0,C.H,0,). 

1. Hydrate of malic acid crystallizes with great difficulty, fonn- 
ing crystalline crusts, which deliquesce in the air, and dissolve readily in 
water and in alcohol. Exposed to a temperature of 150°, hydrated 
malic acid is slowly converted, with loss of two equivalents or water, 
into hydrated fiimaric acid (2 H 0, C. H, ) ; heated to ISO"*, malic 
acid is resolved into water, maleic acid ^2 H 0, C, H, 0,), which vola- 
tilizes, and fumaric acid (2 HO, C, H,Oj, which remains. By raising 
the temperature to above 200^ the iumaric acid is finally also vola- 
tilized. This deportment of malic acid is highly characteristic. If the 

* See noie, ante. 
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ezperiment is made in a small spoon, pungent acid vapors are evolvcd 
with frothing ; if tlie experiment is made in a small tube, the maleic acid 
first, and afterwards the fumaric acid also will condense to crystals in the 
oolder part of the tube. Dy heating with nitric acid malic acid readily 
jields oxalic acid, with evolution of carbonic acid. 

2. Malic acid forms with most bases salts soluble in water. The acid 
m&Iate of potassa is not difficultly soluble in water; acetate of potassa fails 
therefore to precipitate Solutions of malic acid. Malic acid prevents, like 
tartaric acid^ the precipitation of sesquioxide of iron, &c., oy alkalies. 

3. Chloride of calcium added in excess fails to produce a precipitate in 
Solutions of free malic acid. Ev^en after Saturation with ammonia or 
soda no precipitate is formed. Dut upon boiling, a precipitate of m alatb 
OF LiME (2 Ca 0, C, H^ 0, + 6 aq.) separates from concentrated Solutions. 
If the precipitate is dissolved in a very little hydrochloric acid, ammonia 
added to the Solution, and the fluid boiled, the malate of lime separates 
again ; but if it is dissolved in a somewhat larger quantity of hydrochloric 
acid, it will not reprecipitate, after addition of ammonia in excess, even 
upon continued boiling. On adding one or two measures of alcohol the 
Bialate of lime separates in white flocks. If the fluid is previouslv 
heated nearly to boiling and hot alcohol is added, the precipitate is 
deposited in the form of soft lumps which adhere to the sides of the 
ressel ; on cooling they harden and crumble by pressure to a crystalline 
powder (Barfoed). When heated with ammonia and nitrate of silver, 
malate of lime causes no Separation of silver or hardly any. 

4. JAme-waier produces no precipitate in Solutions of free malic acid, 
nor in Solutions ol malates. The fluid remains perfectly clear even upon 
boiling, provided the lime-water was prepared with boiling water. 

5. Acetate qf lead throws down from Solutions of malic acid and of 
malates a white precipitate of malate of lead (2 Pb 0, C, H^O, + 6 aq.). 
The precipitation is the most complete if the fluid is neutralized by 
ammonia, as the precipitate is slightly soluble in free malic acid and 
acetic acid, and also in ammonia. If the fluid in which the precipitate 
is suspended is heated to boiling, a portion of the precipitate dissolves, 
and the remainder fuses to a mass resembling resin melted under water. 
To obtain this reaction with small quantities, warm at flrst gently tili 
the precipitate has shrunk together, then pour ofi* the principal quantity 
of the fluid and heat the rest with the precipitate to boiling. This re- 
action is distinctly marked only if the malate of lead is tolerably pure ; 
if mixed with other salts of lead — if, for instance, ammonia is added to 
alkaline reaction — it is only imperfect or &ils altogether to make its 
pppearance. 

6. Nitrate of silver throws down from Solutions of neutral malates of 
the alkalies a white precipitate of malate of silver, which upon long 
Standing or boiling turns a little gray. 

7. On mixin^ the warm Solution of free malic acid with magnesia or 
its carbonate, tili the acid reaction is destroyed, filtering, evaporatin^, 
and mixing the hot Solution with hot alcohol, malate of magnesia 
(2 MffO, C, H^O,) separates as a fflutinous mass on the sides of the 
vessel. It is hard when cold. Malic acid cannot be distinguished from 
citric acid by this reaction (Barfoed). 

8. Upon heating malic acid with concentrated sttlphuric acid, carbonic 
seid and carbonic oxide are evolved at first ; the fluid then turns brown 
aAd oltimatelj black^ with evolution of sulphurous acid. 
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§ 166. 

RecapUulation and remarks, — Of the orgttnic acids of this group oxdUe 
aeid is characterized bj the instant precipitation of its lime-salt from its 
Solution in kydrochloric acid by ammonia, and also by acetate of soda, as 
well as by the immediate precipitation of the free acid by Solution of 
sulphate of lime. Tartarie aeid is characterized by the sparing solubility 
' of the acid potassa salt, the solubility of the lime-salt in cold Solution of 
soda and of potassa^ the reaction of the lime-salt with ammonia and 
nitrate of silier, and the peculiar odor which the acid and its salts emit 
npon heating. It is most safely detected in presence of the other acids 
hj means of acetate of potassa or fiuoride of potassium (§ 163, 4). C. D. 
Braun's test for distinguishing tartarie acid from the other organic 
acids by means of hexamincobaltic chloride will be found in Zeitsch. f. 
anal. Chem. 7, 349. OUrie acid is usually recognised by its reaction 
with lime water, or with chloride of calcium and ammonia in presence of 
chloride ofammonium; but in this we always presuppose the absence or 
the removal of malic and tartarie acids, and also the employment of a 
sufficient quantity of lime water or chloride of calcium. A very safe 
characteristic of citric acid also consists in the microscopic appearance of 
its baryta salt (§ 164. 5). Malic acid would be sufficiently cnaracterized 
by the deportment ol malate of lead when heated under water, were 
tnis reaction more sensitive, and not so easily prevented by the presence 
of other acids. The safest means of identif^ing malic acia is to convert 
it into maleic acid and fumaric acid by heating in a glass tube ; but this 
conversion can be effected successfully only with pure hydrate of malic 
acid. Malate of lead is sparingly soluble in ammonia, whilst the citrate 
and tartrate of lead dissolve freely in that agent ; this different deport- 
ment of the lead salts of the acids affords a means of distinguishing be- 
tween them. 

If only one of the four acids is present in a Solution, lime- water will 
suffice to indicate which of the four is present ; since malic acid is not 
precipitated by this reagent, citric acid is precipitated only upon boiling, 
tartarie acid and oxalic acid bein^ thrown down in the cold ; and the 
tartrate of lime redissolves upon addition of chloride ofammonium, whilst 
the Oxalate does not. 

If the four acids together are present in a Solution, the oxalic acid 
and tartarie acid are usually precipitated first by chloride of calcium and 
ammonia, in presence of chloride of ammonium. But it must be noted 
here that the tartrate of lime requires some time for complete precipita- 
tion (it is separated from the Oxalate by Solution of soda), and also that 
alkaline citrate when present in any quantity prevents the thorough 
Separation of oxalic acid and still more of tartarie acid. On adding 
alcohol in moderate quantity cautiously to the filtrate, the citrate of lime 
separates, (and with it the rest of the Oxalate and tartrate of lime.) On 
filtering again and mixing the filtrate with more alcohol, the malate of 
lime is thrown down. From this the hydrated acid is prepared by 
dissolving it in acetic acid, adding alcohol, nlterine if necessary, mixing 
the filtrate with acetate of lead^ neutralizin^ with ammonia, washing 
the precipitate, suspending it in water, treating with sulphuretted hy- 
drogen. filtering and evaporating the filtrate to dryness. A better 
metnoa for the detection oi malic acid in the presence of the three other 
acids consists in combining the acids with ammonia, concentrating 
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stTongplr^ neutralizing the still warm fluid with ammonia (to dissolve the 
acid salts produced in the evaporation)^ and adding 8 volumes of alcohol 
of 98 per cent. After 12 or 24 hours the Solution of malate of ammonia 
is filtered from the undissolved Oxalate, tartrate, and citrate of ammonia« 
tke malic acid is precipitated with acetate of lead and the pure hydratea 
acid is preparea from the precipitate (Barfoed). Where a small 
quantity of citric acid or malic acid is to be detected in presence of a 
Uffge Proportion of tartaric acid, the best way is to remove the latter 
first by acetate of potassa, with addition of an equal volume of strong 
alcohoL The other acids may then be completely precipitated in the 
fihrate bj excess of chloride ot calcium and ammonia if the quantitj of 
the alcohol is a little increased. 

§ 167. 

Raoxmic Acid (2 H O, C,H^O„>. 

The formula of cbtstaluibd baobmio aoio is 2 II O, CgH^Oj, +2 aq. The crys- 
talliimtion wator escapes slowly in the air, but rapidly at lOO*' (differenoe between 
noemic acid and tartaric aoid). To solyents the ra(;eiiiic acid comports itself like the 
taitaric acid. llie rackmatsb also sbow very similar deportment to that of the tar- 
timtea. Uowever, many of them differ in the amount of water they cootain, and in form 
aad Mlability from the correapondiog tartrates. The aqueous Solution of racemic aoid 
and the raoematee exerdaes no divertiog action upon polarized light. Chloride of 
adeiwm, precipitates from the Solutions of free racemic acid and of racemates sackmatc 
OF UM! (2 Ca O, CgHfOj, -f 8 aq.), as a white crystaliine powder. Ammonia throws 
down the precipitate from its Solution in hydrochloric acid, either immediately or at 
leaet Tery speedily (difference between racemic acid and tartaric acid). It dissolyes in 
Solution ofsoda and potassa, but is reprecipitated from this Solution by boiling (difference 
between racemic acid and oxalic add). lAme-waier added in excess produces imme- 
diately a white precipitate insoluble in chloride of ammonium (difference between 
racemic and tartaric acid). Solution of nUphate of Urne does not immediately produce 
a praeipttate in * Solution of racemic acid (difference between racemic and oxalic add) ; 
howeTer, after ten or fifteen minntes, racemate of lime separates (difference between 
racemic acid and tartaric add) ; in solutiuns of neutral raoemates the precipitate forms 
immediately. With 9altt of potataa racemic acid comports itself hke tartaric acid. 
By letting racemate of soda and potassa or soda and ammonia crystaliize, two kinds of 
oyttaU are obtained, whioh reseaible each other as the image reflected by the mirror 
rseemblee ihe object reflected. The one kind of crystals contain common tartaric add 
(which tums the plane of polarised light towards the right) ; the other kind contams 
antitartaric add, «.e. an acid which is the same in every respect as tartaric acid, with 
thls exception only, that it tums the polarized light towards the lefl. If the two kinds 
of crystals are recUssolyed, the Solution shuws again the reactions of racemic add. 

Secand Group. 

The Hydrates of the Acids of the Second Group sublime 
wiTHOüT Alteration. By heatino with Nitric Acid they 
ARE either left unchanqed (Succinic Acid), or merely 

COKVERTED INTO NiTRO-ACID (BeNZOIC AcID). ThE LiME- 
8ALT8 ARE READILY SOLUBLE IN WaTER (BeNZOIC AcID), OR 

difficültly SOLUBLE (SucciNic Acid). The Solutions of 

the neutral AlKALI-SALTS ARB PRECIPITATED BY SeSQUI- 

CH LORIDE OF Iron : Succinio Äeid, Benzoic Acid, 

§ 168. 

a. Succinic Acid (2 H 0, C, H, 0.). 

1. Hydrate of succinic acid forms colorlessand inodorous prisms 
or table« (rhombic prisms or rhomboid tables). It has a slightly acid 
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taste, is readily soluble in water and alcohol, slightly soluble in ether, 
difficultly soluole in nitric acid, and volatilizes when exposed to the 
action of heat, leaving only a little charcoal behind. The officinal acid 
has an empyreumatic odor, and leaves a somewhat larg-er carbonaceous 
residue upon volatilization. Succinic acid is not destrojed by heating 
with nitnc acid, and may therefore be easily obtained in the pure State 
by boilinff with that acid for half an hour, by which means the oil of 
amber, if present, will be destroyed. By Sublimation crystalline 
needles of silky lustre are obtained. The hydrate loses water in this 
process, so that by repeated Sublimation anhydrous acid is ultimately 
obtained. Heatea in the air succinic acid bums with a blue äame, 
free from soot. 

2. The 8UCCINATE8 are decomposed at a red heat; those which 
have an alkali or alkaline earth for base are converted into carbonates 
with Separation of charcoal. Most of the succinates are soluble in 
water^ The succinate of soda is scarcely soluble in strong alcohol and 
crystallizes well both as a neutral and acid salt ; hence it may be readily 
obtained in a pure State from very impure fluids. This property may 
be utilized for the detection and Separation of the acid.* C)n heating 
the succinates with bisulphate of potassa in a tube the acid sublimes. 
The acid may also be obtained from the salts by decomposing them 
with sulphuric acid, and extracting with warm absolute alcohol. 

3. On mixing a cold neutral moderately dilute Solution of an 
alkaline succinate with chloride of calcium^ no precipitate is formed ; on 
then adding alcohol a gelatinous precipitate of succinate of lime 
falls, readily soluble in chloride of ammonium. From this Solution 
more alcohol reprecipitates tiie gelatinous salt ; in case of great dilution 
no precipitate is proauced at ürst, but in a short time the succinate of 
lime separates in the crystalline form (2 Ca 0, 0, H^ 0^ + 6 aq.). 

4. Sesquichloride of iron produces in Solutions of neutral succinates of 
the alkalies a brownish pale red bulky precipitate of succinate op 
SESQUioxiDE OF IRON (Fe, 0„ C, H^ J j one-third of the succinic 
acid is liberated in this reaction, and retains part of the precipitate in 
Solution if the fluid is filtered off bot. The precipitate dissolves readily 
in mineral acids ; ammonia decomposes it, causing the Separation of a 
less bulky precipitate of a highly basic succinate of sesquioxide of iron, 
and comoinine with the greater portion of the acid to succinate of 

.ammonia, which dissolves. 

ö. Äcetate of leady when added drop by drop to a Solution of free 
succinic acid, or of an alkaline succinate, produces a white amorphous 
precipitate which is immediately redissolved in excess of succinic acid, 
in alkaline succinate, and in acetate of ]ead, but in a short time 
separates from such Solutions in the crystalline form. The precipitate 
consists of neutral succinate of lead (2 Pb 0, C, H^ 0,) ; it is 
barely soluble in water, acetic acid, succinic acid, and acetate of lead, 
readily soluble v^. nitric acid : by ammonia it is converted into a basic 
salt (t5 Pb 0, C, H, 0.). 

6. A mixture of oLcoholy ammoniay and chloride of harium produces in 
Solutions of free succinic acid and of succinates a white precipitate of 
succinate of baryta (2 Ba 0, C, H^ 0,). 

* Compare MuaairiB and Jollt, Zeitschr. f. anal Chem. 4, 502. 
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§ 169. 
b. Benzoic Acid (H 0, C^, H, 0,). 

1. Pure HYDRATE op BENZOIC ACID forms inodorous white scales 
or needles, or simply a crystalline powder. It fuses when heated, and 
afterwards volatilizes completely. The fumes cause a peculiar irritating 
aenaation in the throat, and provoke coughing ; when cautiously coolea, 
they condense to brilliant needles; when kindled, they burn with a 
lominous sooty flame. The common officinal hydrate of benzoic acid 
haa the odor of benzoin, and leaves a small carbonaceous residue upon 
Tolatilizatdon. Hydrate of benzoic acid is very sparingly soluble in 
cold water, but it dissolves pretty freely in hot water and in alcohol. 
Addition of water imparts therefore a milky turbidity to a saturated 
•olution of the acid in alcohol. 

2. Most of the benzoates are soluble in water ; only those with 
weak bases, e.ff,, sesquioxide of iron, are insoluble. The soluble 
benzoates have a peculiar pungent taste. The addition of a stron^ acid 
to concentrated aqueous Solutions of benzoates displaces the benzoic 
acid^ which separates as hydrate in the form of a dazzling white 
sparing'ly soluble powder. Benzoic acid is expelled in the same way 
from the insoluble benzoates by such strong acids as form soluble salts 
with the bases with which the benzoic acid is combined. 

3. Sesquichlaride of iron precipitates Solutions of free benzoic acid 
incompletely ; Solutions of neutral benzoates of the alkalies completely. 
The precipitate of bexzoate op sesquioxide op iron [2Fe,0„ 
o (Cj^ H, J + 15 aq.], is bulky, flesh-coloured, insoluble in water. It 
is decomposed by ammonia in the same manner as succinate of sesqui- 
oxide of iron, from which salt it differs in this, that it dissolves in a 
little hydrochloric acid, with Separation of the greater portion of the 
benzoic acid. 

4. Acetate of lead fails to precipitate free benzoic acid, but it m-o- 
dttces flocculent precipitates in Solutions of alkaline benzoates. The 
precipitate is insoluble in benzoate of soda, but dissolves in acetate of 

6. A mixture of alcohol, ammoniay and chloride of barium, or chlaride 
of calcium produces no precipitate in Solutions of benzoic acid or of the 
alkaline benzoates. 

§ 170. 

Recapitulation and remarks. — Succinic and benzoic acids are dis- 
tinguished from one another by the color of their salts with sesquioxide 
of iron, and also by their different deportment with chloride of barium 
or chloride of calcium and alcohol ; but principally by their different 
deg^ees of solubility, succinic acid being readily soluble in water, 
whilst benzoic acid is very difficult of Solution. Succinic acid is seldom 
perfectly pure, and may therefore often be detected by the odor of oil 
of amber which it emits. 

The detection of the two acids, when present in the same Solution 
with other acids, may be effected as foUows : precipitate with sesqui- 
chloride of iron, warm the washed precipitate with ammonia, iilter, 
conoentrate the Solution, divide it into two parts, and mix one part with 
hydrochloric acid^ the odier with chloride of barium and alcohol. 
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Succinic acid and benzoic acid do notpreventtheprecipitation of ses- 
quioxide of iron^ alumina^ &c., bj alkalies. 

T?Urd Cfraup, 
The Hydrates of the Acids of the Third Group may be 

DISTILLED WITH WaTER (THE HyDRATE OF LaCTIC AcID WITH 

difficulty). The Lime-salts are readily soluble in Water. 
The Solutions of the neutral Alkaline-salts are not pre- 
CIPITATED IN THE COLD BY Sesquichloride OF Iron : Äoette Acidy 
Fifrmie add (Lactic Acid^ Propionic Acid^ Butyric Acid). 

§ 171. 
a. AcETic Acid (HO, 0^H,0,). 

1. The HYDRATE OF ACETIC ACID form8 transparent crystalline 
scales, which fnse at 1?"* to a colorless fluid of apeculiar pnngent and 
penetrating oder, and exceedinglj acid taste. When exposed to the 
action of heat it volatüizes completely^ fonning pungent vapors^ which 
bnrn with a blue flame. It is miscible with water in all proportions ; 
it is to such mixtures of the acid with water that the name of acetic acid 
is commonly applied. The hydrate of acetic acid is also soluble in 
al«ohol. 

2. The ACETATES undergo decomposition at a red heat ; among the 
products of this decomposition we ^enerallj find hydrate of acetic acid, 
and almost invariably acetone (C^H^O,). The acetates of the alkalies 
and alkaline earths are converted into carbonates in thia process ; of the 
acetates with metallic bases many leave the metal behind in the pure 
State, others in the form of oxide. Most of the residues which the 
acetates leave upon ignition are carbonaceous. Nearly all acetates dis- 
solve in water and in alcohol ; most of them are readily soluble in water, 
a few only are diificult of Solution in that menstruum. H acetates are 
distilled with dilute sulphuric acid, the free acetic acid is obtained in the 
distillate. 

3. If sesquiehloride of iron is added to acetic acid, and the acid is then 
nearly saturated with ammonia, or if a neutral acetate is mixed with 
sesquichloride of iron, the fluid acquires a deep red color, owin^ to the 
forma tion of acetate of sesquioxide of iron. By boiling the 
fluid becomes colorless if it contains an excess of acetate, the whole of 
the sesquioxide of iron precipitating as a basic acetate, in the form of 
brown-yellow flakes. Ammonia precipitates from it the whole of the 
sesquioxide of iron as hydrate. By addition of hydrochloric acid a fluid 
which appears red from the presence of acetate of sesquioxide of iron tums 
yellow (diflerence from sulphocyanide of iron). 

4. Neutral acetates (but not free acetic acid of a certain degree of 
dilution) give with nürate of süver white crystalline precipitates of 
acetate of 8ILVER (Ag 0, C^ H, 0,), which are very sparingly soluble 
in cold water. They dissolve more easily in hot water, but separate 
again upon cooling, in the form of very fine crystals. Ammonia dia- 
solves them readily ; free acetic acid does not increase their solubUily 
in water. 

5. Nürate qfsuboxide qfmereury produces in acetic acid, and more 
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readilj still in acetates, white scalj cnrstalline precipitates of acetatb 
OF SUBOXIDE op MBRCURT (Hg, 0, C^ H, OJ, which are sparingly ßoluble 
in water and acetic acid in tne cold, but dissolve witliout diificultj in an 
excess of the precipitänt. The precipitates dissolve in water upon heat- 
ing", but separate again upon cooling. in the form of small crystals ; in 
this process the salt undergoes partial decouiposition : a porüon of the 
mercurj separates in the metallic State, and imparts a graj color to the 
precipitate. If the acetate of suboxide of mercurj is boiled with dilute 
acetic acid, instead of water, the quantity of the metallic mercurj which 
separates is exceedinglj minute. 

6. CMoride of mereury produces no precipitate of subchloride of mer- 
curj with acetic acid or acetates upon heating. 

7. Bj heating acetates with caneentrated sulpkurie acid Hydrate of 
ACETIC ACID is evolved, which maj be known bj its pungent odor. 
But if the acetates are heated with a mixture of about equal volumes of 
eanöentrated sulpkurie acid and aleohol, acetic ether (C^ H^ 0, C^ H, 0,) 
is formed. The odor of this ether is highlj characteristic and agreeable ; 
it is most distinct upon shaking the mixture when somewhat cooled, and 
is much less liable to lead to mistakes than the pungent odor of the 
aeid. 

8. If dilute acetic acid is heated with an excess of oxide of lead, part 
of the latter dissolves as basic acetate of lead. The fluid has an alkaline 
reaction : it gives no crjstals on cooling. 

§172. 
b. FoRMic Acid (H 0, C, H 0,). 

1. The HYDRATE OF FORMIC ACID is a transparent and colorless 
aÜghtlj fuming liquid of a characteristic and exceedinglj penetrating 
odor. When cooled to below 0^, it crjstallizes in colorless plates. It is 
miscible in all proportions with water and alcohol. When exposed to the 
aetion of heat, it volatilizes completelj ; the vapors bum with a blue 
flame. 

2. The FORMATES^ like the corresponding acetates, leave upon igni- 
tion either carbonates, oxides, or metals behind, the process being 
attended with Separation of charcoal. and escape of carbide of hjdro- 
gen, carbonic acid, and water. All the Compounds of formic acid with 
Daaes are soluble in water ; alcohol also dissolves manj of them but 
not all. 

3. Formic acid shows the same reaction with ses^icMoride qf vron as 
acetic acid. 

4. 29UraU of süver fajls to precipitate free formic acid, and decom- 
poses the alkaline formates onlj in concentrated Solutions. The white 
spariimlj soluble, crjstalline precipitate of Formate of silvbr (Ag 0, 
Ü, H OJ acquires verj rapidlj a darker tint, owing to the Separation of 
metallic silver. Complete reduction of the oxide of silver to the me- 
tallic State takes place, even in the cold, after the lapse of some time ; 
bat immediatelj upon appljinff heat to the fluid containing the precipi- 
tate. The same reduction of the oxide of silver to the metalüc State 
takes place in a Solution of free formic acid, and also in Solutions of for- 
mates so dilute that the addition of the nitrate of silver falls to produce a 
precipitate. But it does not take place in presence of an excess of am- 
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monia. The rationale of tbis reduction is as follows : the formic acid, 
which may be looked upon bs a Compound of carbonic oxide with water, 
deprives the oxide of silver of its oxygen, thus causing the fonnation of 
carbonic acid^ which escapes^ and of water^ whilst tlie reduced silver 
separates. 

5. Nitrate of suboxide ofmercury gives no precipitate with free formic 
acid : but in Solutions of alkaline formates this reagent produces a glisten- 
ing white sparinglj soluble precipitate of Formate of suboxide of 
MERCURY (Hgj 0, C, H 0,), which rapidly becomes gray, owing to the 
Separation of metallic mercury. Complete reduction ensues, even in the 
cold^ aft^r the lapse of some time, but is immediate upon application of 
heat. This reduction is also attended with the fonnation of carbonic 
acid and water, and takes place, as with the oxide of silver, both in Solu- 
tions of free formic acid and in fluids so highly dilute that the formate of 
suboxide of mercury is retained in Solution. 

6. If formic acid or an alkaline formate is heated with cUoride of mer- 
cury to between 60° and 70® sübchloride of mercury precipitates. 
Presence of free hydrochloric acid or of somewhat considerable quanti- 
ties of alkaline chlorides prevents the reaction. 

7. If formic acid or a formate is heated with concentrated sulphurie acid 
the formic acid is resolved into water and carbonic oxide gas, which 
latter escapes with effervescence and, if kindled, burns with a blue flame. 
The fluid does not turn black in this process. The rationale of the 
decomposition of the formic acid is this : the sulphurie acid withdraws 
from tue formic acid the water or the oxide necessary for its existence, 
and thus occasions a transposition of ite elements (C, H 0, = 2 C + H 0). 
Upon heating formates with dilute sulphurie acid in a distilling appa- 
ratus free formic acid is obtained in the distillate, and may mostly be 
readily detected by its odor. Upon heating a formate with a mixture 
of strong sulphurie acid and alcohol formic eth^r is evolved^ which is 
characterized by its peculiar arrack-like smell. 

8. If dilute formic acid is heated with excess of oxide of lead, the 
latter partially dissolves. The fluid has an alkaline reaction. On cool- 
ing the Solution, which, if necessary, is concentrated by evaporation, the 
FORMATE of lead (Pb 0, C, H 0,) Separates in brilliant prisms or 
needles. 

§ 173. 

Eecapitulation and remarks. — Acetic acid and formic acid may be dis- 
tilled over with water, and form with sesouioxide of iron soluble neutral 
salts which dissolve in water, with a blooa-red color, and are decomposed 
upon boiling. These reactions distinguish the two acids of the third 
group from the other organic acids. From each other the two acids are 
distinguished by the odor of their hydrates and ethyle Compounds, and 
by their diflerent reactions with salts of silver and salts of mercury, oxide 
of lead, and concentrated sulphurie acid. The Separation of acetic acid 
from formic acid is eflected by heatin«;' the mixture of the two acids with 
an excess of oxide of mercury or oxide of silver. Formic acid reduces 
the oxide, and suflers decomposition, whilst the acetic acid combines with 
the oxide^ and remains in Solution. 
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§174. 

Rarer Äeidt of the third group» 

1. liAcno AoiD (2 H O, C„ H,,0,,). 

Lactic acid ii dere^oped in animal fluids, Tegetable matten thathare tamed loar, 
4e. Pore Hydrate ctf lactic aoid ia an iuodorous ayrupy 1 quid ; it has a pure aoid, 
■baxp taete. When it ia slowly heated in a retort to 130^ water coDtaioiog a little 
bydrated lactic acid diatils over, leaving a residue of aohydrou« lactio acid (C,, Hi, Ojo), 
which between 250** and 300** ia decompoBod ioto carbooic oxide, carbonic acid, UctiUe, 
und other producta. Hydrate of lactic acid diflsolvea freely in water, alcohol, and 
ether. UpoD boiling the aqueoua aolution a liltle lactic acid voUtilizes with the aqueoua 
Tapour. All the lactatea are aoluble in water, the greater part of them. however, only 
aparingly ; it ia the aame with regard to apirit of wine ; they are all inanluble in ether. 
The prodnction of aome of theae aalts aod the examination of their form under the 
microecope aupply the meana for the detection of lactic acid ; lactate of Urne and 
lacTate of zioc are the beat auited for thia purpoae. Lactate of lime may be con- 
▼eniently prepared frum aoimal or vegetable juicea by the foliowing method deviaed by 
SoBXBKB:—Diiate the liquid, if necesaary, with water, mix with baryta- water, and 
filter. Diatil the filtrate with aome aulphuric acid (to remove volatile Hcida), digeat 
the reaidne aeveral daya with atroog alcohul, distil the acid aolution with a little milk 
nf lime« filter wann from the exceaa of liine and tlie auiphate of lime, conduct carbonic 
acid into the filtrate, heat ooce more to boiiing, filter from the precipitated carbonate 
of lime, evaporate the filtrate, warm the reaidue with atrong alcohol, filter, and let the 
neutral filtrate atand aeveral daya to give the lactate of lime time to cryatallize. 
Sbuiild the quantity of lactic acid present be inaufficlent to allow the formation of 
cryatala, eraporate the fluid to ayrupy conaiatence, mix with atrong alcohol, let the 
miztare stand aome time, decant or filter the aloobolic aolution into a veaael that can 
be cloaed, and add gradually a amail quantity of ether. Thia proceaa will cauae even 
minate traoea of lactate of lime to aeparate from the fluid. Lactate of lime ahowa 
nnder the microecope the form of minute crytttalline needlea aggregated in tuita with 
ahort stalka, paira of them alwaya being joined at the atalked endn, ao aa to look like 
paint-bniihes united together. — Lactate of zinc deposited quickly from ita aolution 
ahowa under the mioroacope the form of apherical groupa of needlea. The alow evapp- 
ratioD of aolution of lactate of zinc givea tirst cryatala reaembling cluba truncated at 
both enda; theae cryatala gradually increaae in aize; the two enda apparently 
diminlah, whilat the middle parta increaae in aize (Funkb). 

2. Pbopiomio Aoid (HO, C, H. O,), and 3. Butirio Acid (H O, C,H, O,). 

Propionio acid ia formed under a great variety of circumstancea ; it ia chiefly 
fonnd in fermented liquida. The pure hydrate of the acid cryatallizea in minute platea ; 
it boila at 140 — 142 ; it diaaolvea readily in water. Pmpionic acid floata aa an 
oily Stratum on aqueoua aolution of phoaphoric acid and on aoluiion of ohloride of 
calcium. It haa a peculiar aroeil, which reminda both of butyric and acetic acid. 
TJpon distiUing the aqueoua aolution, the propionic acid paaaea over into the diatillate. 
BuTTRiO AOID is frequeutly found in acimal aod vegetable matter, u)ore particularly 
also in fermented liquida of various kinda. The pure hydrate of the acid ia a colorleaa, 
mobile, corroaive, inteuaely aour fluid, of a diaagreeable odor, a combination of the 
smell of rancid butter and acetic acid ; it boila at 160^ It ia miacible in all propor- 
tioDM with water and alcohol. It is aeparated from the concentrated aqueoua aolution 
by Chloride of calcium, concentrated acida, &o., in the form of a thin oll. The amell 
of butyric aoid ia particularly atrong in the aqueoua a >lution of the acid. Upon dis- 
tiiling the aqueoua aolution, vhe aoid paaaea over with the aqueoua vapora. 

Propionio acid and butyric acid are often found aaaociated with formic acid and 
acetic acid in fermented liquida, in guano, and in many mineral watera. The deteo- 
tion of the aeveral acida may in auch caaej be efFected aa followa : dilute the aubatance 
sofficiently with water, acidify with aulphuric acid, aod distil ; aaturate the diatillate 
with baryta- water, evaporate to drynesa, and treat the reaidue repeateJly with boiling 
alcohol of 85 per cent. Thia will leave the forroate of baryta ana part of the acetate, 
the remainder of the acetate, together with the Propionate aud butyrate, diaaolving in 
the alcohol. Evaporate the alcuholic aolution, diaaolve the reaidue in «ater, decompose 
caatiously with aulphate of ailver, boil, filter, and let the fluid (which ought rather 
to contaiii a little undecompoaed baryta aalt than any sulphate of silrer) evaporate 
ondarÜM dasiocator. Take out separately the orystals, whioh form first, those whiek 
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form after, and those wbicb form last, and examine them to ascertain their nature. 
Acetate of silver emiU upon nolation in ooncentrated Balpharic acid the odor of acetic 
acid, and gives no oily drops ; Propionate and batyrate of silver emit the peculiar odor of 
the adds, and give oily drops, which, however, with minute quaotities are ▼isible 
oiüy under the microscope. To distingnish positively between propionic and butyric 
acid, it is indispensable to determine the amount of silver in the separated silver salts, 
and to fix by this the atomio weigbt of the adds. If much acetate of baryta has passed 
into the Solution, with a small quantity only of batyrate and propionate, the baryta is 
first exactly precipitated with sulphuno acid from the aqaeous Solution of the baryta 
salts soluble in aicohol, half of the acid fluid neutraliied with soda, the other half 
added, the fluid then distilled, the distillate, which now contains prinoipally propionic 
aod butyric aoids, saturated with baryta, then deoomposed with solphate of sUver, and 
the remiuning part of the procese oonduoted as above. 



PART IL 



STSTEMATIC COURSE 



ov 



QUALITATIVE CHEMICAL ANALTSIS. 



PRELDIINART REMAKES 

OK THB 

OOURSB OF QUALITATIVE ANALTSIS IN GENERAL, AND ON THE PLAN 
OF THI8 PART OF THE PRE8ENT WORK IN PARTICÜLAR. 

The knowledge of reagents and of the deportment of bodies witb them 
enables us to ascertain at once whetber a simple Compound of whicb the 
physical properties permit an^inference as to its natura, is in reality 
what we suspect it to be. Thus, for instance, a few simple reactions 
suffice to show that a bodj which appears to be calcareous spar is really 
carbonate of lime, and that another which we hold to be gypsum is 
actuallj sulphate of lime. This knowledge usuallysuffices also to ascertain 
whether a certain bodj is present or not in a mixture ; for instance, 
whether or not a white powder contains subchloride of mercurj. But 
if our desigu is to ascertoin the chemical nature of a substance entirely 
unknown to us — if we wish to discover all the constituents of a mixture 
or chemical Compound — if we intend to prove that, besides certain 
bodies which we have detected, no other substance can possiblj be 
present — if consequently a complete qualitative analysis is our object, 
the mere knowlec^e of the reagents, and of the reactions of bodies with 
them, will not sumce for the attainment of this end ; this requires the 
additional knowledge of a systematic course of analysis, in other words, 
the knowledge of tne order in which solvents, and general and special 
reagents, should be applied, both to effect the speedy and certain 
detection of every dement present, and to prove with certainty the 
absence of all others. If we do not possess the knowledge of this syste- 
matic course, or if, in the hope of attaining our object more rapidly, we 
adhere to no method, analyzing becomes (at least in the hands of a 
novice) mere guess-work, and the results obtained are no longer the 
friiits of scientific calculation, but mere matters of accident, which 
sometimes may prove lucky hits, and at others total failures. 

Every anfüytical investigation must therefore be based upon a 
definite method. But it is not by any means necessary that this 
method should be the same in all cases. Practice^.reflection^ and a 
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due attention to circnmstances will, on the contrarv, generallj lead to 
the adoption of different metbods for different cases. However, all 
analjtical methods agree in this, that the substances to be looked for 
are in tbe first place classed into groups, wbich are tben agfain sub- 
divided, until tbe individual detection of tbe vnrious substances present 
is finally accomplisbed. Tbe diversitj of analytical metbods aepends 
partlj on tbe order in wbicb reagents are applied, and parüy on their 
selection. 

Before we can venture upon inventing metbods of our own for indi- 
vidual cases, we must first make ourselves tborougblj conversant with 
a course of cbemical analysis in general. Tbis System must bave 
passed tbrougb tbe ordeal of experience, and must be adapted to every 
imaginable case, so tbat afterwards, wben we bave acquired some 
practice in analysis, we may be able to determine wbicb modificution of 
tbe general metbod will be best adapted to a given case. 

Tbe exposition of such a systematic course, adapted to all cases, 
tested by experience, and combining simplicity with tbe greatest pos- 
sible security, is the object of tbe First Sectian, 

Tbe elements and Compounds comprised in it are tbe same wbich 
we bave studied in Part I., with tbe exception of tbose discussed more 
briefly, and marked by tbe use of smaller type. 

The subdivisions of tbis systematic course are, 1, Preliminary 
Examination ; 2, Solution ; 3, Actual Examination. 

Tbe tbird subdivision (tbe Actual Examination) is again divided into 
(1) Examination of Compounds in wbich but one base and one acid are 
assumed to be present; and (2) Examination of mixtures or Compounds 
in wbicb all tbe substances treated in ^he present work are assumed 
to be present. With res^)ect to the latter I have to remark tbat where 
tbe preliminary examination bas not clearly demonstrated tbe absence 
of certain groups of substances, tbe Student cannot safely disregard any 
of the paragraphs to wbicb reference is made in consequence of tbe 
reactions observed. In cases where the intention is simply to test a 
mixture for certain substances, and not to ascertain all its constituents, 
it will be easy to select the particular numbers wbich ought to be 
attended to. 

As tbe construction of a universally applicable systematic course 
of analysis requires due provision for every contingency tbat may 
possibly arise, it is self-evident that, though in tbe System bere laid 
down tbe various bodies comprised in it have been assumed to be 
mixed up together in every conceivable way, it was absolutely indis- 
pensable to assume that no foreign organic matters were present, since 
tbe presence of such matters would introduce various complications. 

Although the general analytical course laid down bere is devised 
and arranged in a manner to suit all possible contingencies, still there 
are special cases in wbicb it may be advisable to modify it. A preli- 
minary treatment of tbe substance is also sometimes necessary, before 
tbe actual analysis can be proceeded with ; the presence of colorinf^ or 
slimy organic matters more especially requires certain preliminary 
Operations. The Seoand Section will be found to contain a detaiied 
description of the special metbods employed to meet certain cases wbich 
frequently occur. Some of these metbods show bow the analytical 
process becomes simplified as tbe number of substances decreases to 
which regard mu^t be had. 
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In conclttsioii, as an intelligent and successful pursuit of analjsis is 
poflsible onljr with an accurate knowledge of the principles whereon 
the detection and Separation of bodies depend, I have given in the 
Tkird Seetion an explanation of tbe general analjrtical process, with 
munerons additions to the practical Operations. As this third section 
may properlj be resarded as the kej to the first and second sections, I 
strongly recommend students to make themselves earlj and thoroug;hlj 
acquainted with it. I have devoted a special section to this theoretical 
explanation^ as I think it will be understood better in a connected form 
than it wonld have been hj explanatory additions to the severnl 
paragraphs^ which, moreover, might have materiallj interfered with 
the perspieoitj of tlie practical process. 

1 have also in this third section taken occasion to point out in what 
residnes, Solutions, precipitates, Ac, which are obtained in the sys- 
tematic course of analjsis, the more rarelj occurring elements may 
be expected to be met with ; and also to give instructions how to 
proceed with a view to ensure the detection of these bodies also 
systematically. 



SECTION L 

PRACTICAL PROCESS POR THE ANALYSIS OF COMPOUNDS AND 

MIXTÜRES IN GENERAL. 

I. Preliminart Examination.* 

§ 175. 

ExAMiNB, in the first place, the extemal properties, such as the 1 f 
color^ shape, hardness, gravity, odor, &c., of the substance, since 
these will often enable you in some measure to infer its nature. 
Before proceeding, if the quantity of the substance is limited, you 
must consider how much may safely be spared for the preliminary 
examination. A reasonable economy is in all cases advisable, even 
thoagh you may possess the substance in large quantities ; but, under 
all circumstances, let it be a fixed rule never to use up the whole 
of what you possess of a substance, but always to keep a portion of 
it for unroreseen contingencies, and for confirmatory experiments. 

A, The Body under Examination is Solid. 

I. It 18 NEITHER A MeTAL NOR AN AlLOT. 

§ 176. 

1. The substance is fit for examination if in powder or in minute 2 
crystals; but in the case of larger crystals or solid pieces, a portion 
musty if practicable, be first reduced to ßne porvder, Bodies of the 
softer Idna may be triturated in a porcelain mortar ; those of a harder 

* CkmsnU alio tbe obiervstioni io the Third Seetion of Part IL 
f Tbew nuurgiiial iiiimben are nmply intended to .fiMilitate refaeooe. 

1. Q 
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nature must first be broken into small pieces in a steel mortar ; 
or upon a steel anvil, and the pieces then be triturated in an agate 
mortar. 

2. Put some of the powder into a glass tübe, sealed 3 

AT ONE END, ABOUT 8IX CENTIMETRES LONG AND FIVE MILLI- 

METRES WIDE, AND HEAT first gentlj over the spirit or gas-lamp, 
then intenselj in the blowpipe flame. The reactions resulting maj 
lead to manj positive or prooable conclusions regarding* the nature 
of the substance. The rollowing are the most important of these 
reactions, to which particular attention ought to be paid ; it often 
occurs that several of them are observed in the case of one and the 
same substance. 

a. The substance remains unaltered: absence of 4 
organic matters, salts containing water of crystallization, rea- 
dily fusible matters, and volatile bodies (except carbonic acid, 
which often escapes without visible change). 

b, The substance does not fuse at a moderate heat 5 
BüT siMPLY CHANGE8 COLOR. From white to yellow, turning 
white again on cooling, indicates oxide of zinc ; from 
white to yellowish brown, turning to a dirtj light yellow on 
cooling, indicates binoxide of tin; from white oryellowish- 
red to brownish-red, turning to yellow on cooling, the body 
fiising at a red heat, indicates oxide of lead; from white, or 
pale yellow, to orange yellow, up to reddish-brown, turning 
pale yellow on cooling, the body msing at an intense red heat, 
indicates teroxide of bismuth; from brownish-red to black, 
turning brownish-red again on cooling, indicates sesqui oxide 
of iron ; from yellow to dark orange,, the body fiising at an 
intense heat, indicates neutral Chromate of potassa, &c. 

0. The substance fuses without expulsion of 6 
aqueous vapors. If by intense heating, gas (oxygen) is 
erolved, and a small fragraent of charcoal thrown in is ener- 
getically consumed, ni trat es or chlorates are indicated. 

d. Aqueous vapors are expelled, which condense 7 
IN THE colder PART OF THE TUBE : this indicates either 

(a) SUBSTANCES CONTAINING WATER OF CRY8TALLIZATION, 

in which case they will generally readily fuse, and re-solidify 
after expulsion of the water ; many of these swell considerably 
whilst yielding up their water, e.g,^ borax, alum ; or (/3) decom- 
posable hydrates, in which case the bodies of^n will not fuse ; 
or (y) anhydrous salts, holding water mechanically en- 
closed between their lamellsB, m which case the bodies will de- 
crepitate; or (S) bodies with moisture externally adhering to 
them. 

Test the reaction of the Condensed fluid in the tube ; if it 
is alkaline, ammonia is indicated ] if acid, a volatile acid (sul- 
phuric, sulphurous, hydrofluoric, hydrochloric, hydrobromic, 
nydriodic, nitric, &c). 

e, Gases or fumes Escape. Observe whether they have a 8 
color, a smell, an acid or alkaline reaction, whether they are 
inflammable, &c, 

aa^ Oxyden indicates peroxides, chlorates, nitrates, &c. A 
'jplimmerini^ Üxp of wood ifl relighted in the gaseous current 
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W. SüT.PHüROus AciD is often produced by the decompo- 
sition of sulpbates ; it maj be known bj its odor and by its 
acid reaction. 

ec. Hyponitric acid, resulting* from tbe decomposition 
of nitrates, especially those of the heavy metals ; it may be 
knowD by the brownish-red color and the odor of the fiimes. 
dd. Carbon IC acid indicates carbonates decomposable by 
heat, or Oxalates of reducible metals. The gas is colorless 
and tasteless, non-inflammable ; a drop of lime-water on a 
watch-glass becomes turbid on exposure to the gaseous 
corrent. 

ee, Carbonic oxide indicates Oxalates and also formates. 
The gas burns with a blue ilame. In the case of Oxalates the 
carbonic oxide is g'enerally mixed with carbonic acid, and is 
therefore more difficult to kindle : in the case of formates there 
is marked carbonization. Oxalates evolve carbonic acid when • 
brought into contact with binoxide of manganese, a little 
water, and some concentrated sulphuric acid, on a watch- 
glass ] formates evolve no carbonic acid under similar cir- 
cumstances. 

jßf. Chlorine, bromine, or iodine indicate decom- 
posable Chlorides, bromides, or iodides. The gases are readily 
recognised by their color and odor. Iodine, if evolved in any 
quantity, forms a black Sublimate (compare 9)- 

gg, Cyanogen indicates cyanides decomposable by heat. 
The gas may be known by its odor, and, when tolerably pure, 
by the crimson flame with which it burns. 

hh, Hydrosulphuric acid indicates sulphides containing 
water ; the gas may be readily known by its odor. 

ti. Am MONI A, resulting irom the decomposition of ammo- 
niacal salts, or also of cyanides or nitrogenous organic matters, 
in which latter cases browning or carbonization takes place, 
and either cyanogen or offensive empyreumatic oils escape 
with the ammonia. 

/. A SUBLIMATE FORMS. This iudicates volatile bodies : 9 
the foUowing are those more frequently met with : — 

aa, SuLPHUR. Eliminated from mixtures or from many 
of the metallic sulphides. Sublimes in reddish-brown drops, 
which solidify on cooling, and turn yellow or yellowish- 
brown. 

hb. Iodine. Eliminated from mixtures, many iodides^ iodic 
acid, &c. Violet vapor, black Sublimate, smell of iodine. 

ce. Ammonia salts give white Sublimates; heated with 
carbonate of soda and a drop of water on platinum foil they' 
evolve ammonia. 

dd, Mercury and its Compounds. Metallic mercury 
forms globules; sulphide of mercury is black, but ac- 
quires a red tint when rubbed \ Chloride of mercury fuses 
before volatilizing ; subchloride of mercury sublimes 
without previous nision, the Sublimate, which is yellow whilst 
hot, tums white on cooling. The red iodidb of mercury 
gives a yellow Sublimate. 
u. Absbnic and its comnounds. Mbtallic absbnio 
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forms the well-known arsenical mirror; arsenious acid 
forms small shining' crjstals; the sulphides of arsenic 
give Sublimates wnich are reddish- jellow whilst hot, and turn 
yellow on cooling. 

ff. Tekoxide of antimony fuses to a yellow liquid before 
subliming. The Sublimate consists of brilliant needles. 

gg, Benzoic acid and succinic acid. The officinal im- 
pure acids may be known bj the odor of their iumes. 

ÄÄ. Htdrated oxalic acid. White crystalline Subli- 
mate, thick irritating fiimes in the tube. Heating a small 
sample on platinum-foil with a drop of concentrated sulphuric 
acid gives rise to a copious evolution of gas. 
g, Carbonization takes place : organic substances. 10 
This is always attended with evolution of gases (acetates evolve 
acetone) ana water, which latter has an alkaline or acid reac- 
tion. If the residue effervesces with acids, whilst the original 
substance did not show this reaction, organic acids may be as- 
sumed to be present in combination witn alkalies or alkaline 
earths. Salts containing readily reducible metallic oxides in 
combination with organic acids, often leave the metal behind. 
and in consequence of the combustion of the carbon at the ex- 
pense of the metallic oxide, the residue may contain little or no 
carbon. 
3. Place a small portion of the substance on a char- U 
coAL SUPPORT (in the cavity scooped out for the purpose), and 

EXPOSE TO THE INNER BLOWPIPE FLAME. 

As most of the reactions described under 2 (3 — 10} ai^o also pro- 
duced by this process, only those appearances will oe mentioned 
which are pecuiiar to this experiment. Evolution of sulphurous acid, 
when the name plays upon tne sample, generally indicates a sulphide. 
The following are the reactions which will permit pretty accurate 
conclusions. 

a. The bodt fuses, and is absorbed bt the charcoal 12 
CR FORMS A bead IN THE CAVITY, Bot attended by incrusta- 
tion : indicates more particularly salts of the alkalies. 

h. An infusible white residue remains on the char- 13 
coal, either at once or after previous melting in the water of 
crystallization ; indicates more particularly baryta, strontia, 
lime, magnesia, alumina, oxide oi zinc (appears yellow whilst 
hot), and silicic acid. Among these substances strontia, 
LIME, MAGNESIA, and OXIDE OF ZINC are distinguished by 
streng luminosity in the blowpipe flame. Meisten the white 
residue with a drop of nitrate of cobalt, and expose again to a 
streng heat. A nne blue tint indicates alumina; a green 
OXIDE OF ZINC. In the presence of silicic acid and of many 
alkaline earthy Phosphates a more or less blue coloration is 
produced. 

In the case a or ^ the preliminary examination for alkalies and 
alkaline earths may be completed by inspecting the colors which 
the substances impart to flame. 1 or this purpose a little of the 
substance is attacned to the loop of a flne platinum wire, 
moistened repeatedly with sulphunc acid, dried cautiously near 
the border Qz the flame^ and then held in the fusing zone of 
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BuN8EN*s Gfas-jSame. The colorations caused bj the alkalies 
will make tneir appearance first^ followed — after volatilization 
of the alkalies, by that of barjta, and finallj — after moisteniqg 
with hydrochloric acid — ^by those of strontia and lime. For 
details see § 92 and § 99. 
e, The substance leaves a residue of another dolor, 14 

OR REDUCTION TO THE METALLIC STATE TAKES PLACE, OR 
AN INCRUSTATION FORMS ON THE CHARCOAL. Mix a portion 

of the powder with carbonate of soda and a drop of water, and 
heat on charcoal in the reducing flame ; observe the residue in 
the cavity as well as the incrustation on the charcoal. 

a. The sustained application of a strong ilame produces a 15 
metallic globale, witnout incrustation of the charcoal, in- 
dicntes oold or copper. The latter is at once recosnised 
by the green coloration of the flame. The oxides of platinum, 
Iren, cobalt, and nickel are indeed also reduced, but they 
yield no metallic globules. 

ß. The charcoal support is coated with an incrustation, 16 
either with or without lormation of a metallic globule. 

aa, The incrustation is white, at some distance from the 
test specimen, and is very readily dissipated by heat, 
emittins* a ^rlic-like odor : arsenic. 

bb. Tne mcrustation is white, nearer the test specimen 
than in aa, and may be driven from one part of the support 
to another: antimont. Metallic globules are ^nerally 
observed at the same time, which continue to evolve white 
fumes long after the blowpipe jet is discontinued, and upon 
cooling become surroundea with crystals of teroxide of 
antimony ; the globules are brittle. 

ec. The incrustation is yellaw whilst hot, but turns white 
on cooling ; it is pretty near the test specimen and is with 
düEcul^ yolatili2ed : zinc. 

dd. The incrustation has a faint yelhm tint whilst hot, 
but turns white on cooling ; it surrounds the test specimen 
closely, and both the inner and outer flame ÜEul to volatilize 
it: TIN. The metallic globules formed at the same time, 
but only in a strong reducing ilame, are bright, readily 
fusible, and malleable. 

ee. The incrustation has a lemon-yellow color, tuming 
on cooling to sulphur-yellow ; heated in the reducing 
flame it leaves its place with a blue gleam : lead. 
Readily fusible, malleable globules are formed at the same 
time with the incrustation. 

Jf- The incrustation is of a dark orange-yellaw color 
whilst hot, which changes to lemon-yellow on cooling; 
heated in the reducing flame it leaves its place without a 
blue gleam : bismuth. The metallic glooules formed at 
the same time as the incrustation are readily fusible and 
brittle. 

ffff, The incrustation is reddish-brown, in thin layers 
orange-yellow ; it volatilizes without a coloured gleam : 

GADMIUM. 

bh. The incrustation is dark-red : siltbr Where lead 
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and antiinonj are present at the same time, the incrus- 
tation is crimson. 

In cases where a reduction to the metallic State has taken 
place^ moisten the sample with water, scoop it out, triturate 
m a small agate dish, and wash off the cnarcoal particles 
with water — when the gold will be obtained in yellow, the 
copper in coppery-red, the silver in nearlj white, the 
tin in grayish-white, the lead in whitish-gray minute 
plates or strips, the bismuth as a reddish-gray, the zinc as 
a bluish-white, the antimony as a gray powder. When 
copper and tin, or copper and zinc, are present at the same 
time, yellow alloys are occasionally formed. 

4. FüSE A SMALL PORTION WITH A BEAD OF MICR0C09MIC 17 
SALT, AND EXPOSE FOR SOHE TIME TO THE OUTER FLAME OF THE 
BLOWPIPE. 

a. The substance dissolves readily and rather 

COPIOUSLY TO A CLEAR BEAD (WHILST HOT). 

a. The hot bead is eolored : 18 

Blue, by candlelight inclining to violet — cobalt ; 
Green, upon cooling blue ; in the reducing iiame, after 

cooling, red — copper; 
Green, particularly fine on cooling, unaltered in the re- 

ducinfj^ flame — ch rom i u m ; 
Brownish-red, oncooling light yellow or colorless ; in 

the reducing flame red whilst hot, yellow whilst cool- 

ing, then greenish — iron ; 
Reddish to brownish-red, on cooling yellow to 

reddish-yellow or colorless; in the reducmg flame 

unaltered — nickel ; 
Yellowish-brown, on cooling light yellow or color- 
less ; in the reducing flame almost colorless (especially 

after contact with tin), blackish-gray on cooling — 

bismuth. 
Light yellowish to opal, when cold rather duU ; in 

the reducing flame whitish-g^ay — silver : 
Amethyst-red, especially on cooling; colorless in the 

reducing flame, not quite clear — manoanese. 
ß. The hot h^ is colorless : 19 

It REMAINS CLEAR ON COOLING : ANTIMONY, 
ALUMINA, ZINC, CADMIUM, LEAD, LIME, MAGNESIA; 

the latter five when added in somewhat large propor- 
tion to the microcosmic salt, eive enamel-white beads ; 
the bead of oxide of lead saturated is yellowish ; 
It becomes enamel-white on cooling, even 

WHERE ONLY A SMALL PORTION OF THE POWDER 
HAS BEEN ADDED TO THE MICROCOSMIC SALT : 
BARYTA, 8TR0NTIA. 

b. The substance dissolves slowly and only in small 20 

QUANTITY : 

a, The bead is colorless, and remains so even after cooling ; 
the undissolved portion looks semi-transparent ; upon addi- 
tion of a little sesquioxide of iron it acquires ihe characte- 
ristio color of an iron bead : bilicic acid. 
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ß, The bead is colorless, and remains so after addition of a 
little sesquioxide of iron : tin. 
e. The substance doe8 not dissolve, but floats (in 21 

THE METALLIC STATe) IN THK BEAD : GOLD, PLATINUM. 

5. Minerals are examined for fluorine as directed 
§ 146, 8. 

After the termination of tlie preliminary ezamination, proceed to 
the Solution of the substance, as directed § 180 (32)- 

§ 177. 
II. The Substance is a Metal or an Alloy. 

1. HeAT A SMALL PORTION OF THE SUBSTANCE WITH 22 
WATER ACIDULATED WITH ACETIC ACID. If HYDROGEN is evolvcd 

this indicates a light metal (possibly also manganese). 

2. HeaT A sample of the SUBSTANCE ON CHARCOAL IN 23 
THE REDUCINO FLAME OF THE BLOWPIPE, and watch the FC- 

actions; for instance, whether the substance fuses, whether an 
incrustation is formed, or an odor emitted, &c 

By this Operation the following metals may be detected with more 
or less certainty ; arsenic by the smell of j^arlic ; mercury by its 
volatility; Antimon y, zinc, lead, bismuth, cadmium, tin, 
si l VER, by fusing", with incrustation of the charcoal (comp. 16) ; 
coppER by the green coloration of the outer Harne. Further conclu- 
sions may be formed when tlie substance is a single metal nearly 
pure ; thus, for instance gold iuses without incrustation ; plati- 
xum, iron, manganese, NICKEL, and coBALT, do not fuse in the 
blowpipe flame. 

3. Heat a sample of the substance before the blow- 24 

PIPE in A OLASS TUBE 8EALED AT ONE END, 

a, No SUBLIMATE IS FORMED IN THE COLDER PART OF 

THE TUBE : absence of mercury. 

b. A SUBLIMATE IS FORMED : preseuce of mercury, cad- 
mium, or arsenic. The Sublimate of mercury, which consists 
of smfdl globules, cannotbe confounded with that of cadmium or 
arsenic. 

After the termination of the preliminary ezamination, proceed to 
the Solution of the substance as directed § ISl (12)* 

§ 178. 
B. The Substance under examination is a fluid. 

1. EVAPORATE A SMALL PORTION OF THE FLUID in a pla- 25 

tinum capsule, or in a small porcelain crucible, to ascertain whether 
it actually contains any matter in Solution ; if a residue remains, 
examine this as directed § 176. 

2. Test with litmus-paper (blue and red). 26 

a, The fluid reddens blue litmus-paper. This re- 
action may be caused by a free acid or an acid salt, as well as 
by a metailic salt soluble in water. To distinguish between 
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these two cases, pour a small quantitj of the fluid into a watch- 
glass, and dip into it a small glass rod, after moistening the 
extreme point of the latter with dilute Solution of carbonate of 
soda ; if the fluid remains clear, or if the precipitate which may 
fonn at first, redissolves upon stirring" tne liouid, this proves 
the presence of a free acid or of an acid salt; out if the fluid 
becomes turbid and remains so, this generally denotes the 
presence of a soluble metallic salt. 

b, Reddened litmus-paper turns blue : this indicates 27 
the presence of a free alkali or an alkalinc carbonate, free 
alkaune earths, alkaline sulphides, and of a number of other 
salts containing an alkali or, it maj be, an alkaline earth, in 
combination with a weak acid. 

3. Shell the fluid, or, should this fail to give satisfactory 28 
results, DisTiL, to ascertain whether the simple solvent present 

is water, alcohol, ether, <fec. If you find it is not water, evaporate 
the Solution to dryness, and treat the residue as directed § 176. 

4. If the Solution is aqueous, and manifests an acid reaction, 29 

DILUTE A PORTION OF IT LARGELY WITH WATER. Should this 

impart a milky appearance to it, the presence of antimony, 
or BiSMUTH (or possibly also of tin)maybeinferred. Comp. § 121, 
9, and § 131, 4. 

After the termination of the preliminary examination, proceed 30 
to the actual examination. If the Solution is aqueous, with neutral 
reaction, it can only contain substances soluble in water ; but if it 
has an acid reaction, arising from the presence of free acid, the actual 
examination must oe condncted with due regard to the possible pre- 
sence also of bodies soluble in acids, though insoluble in water. 
Proceed accordingly with neutral aqueous Solutions as directed § 182, 
with acid Solutions as directed § 185, if you are quite sure that there 
is only one acid and one base present ; but where there is reason to 
suppose the presence of several bases and acids, proceed as directed 
§ lö9. With fluids of alkaline reaction, proceed as directed § 182, 
unless there be reason to suppose the presence of more than one 
acid and one base, when the instructions given in § 189 must be 
followed. 

II. Solution of Bodies, or Classification of Substances, ac- 

CORDINQ to THEIR DePORTMENT WITH CeRTAIN SoLVENTS.* 

§ 179. 

Water and acids (hydrochloric acid, nitric acid, aqua regia) are 31 
the solvents used to classify simple or Compound substances, and 
to isolate the coinponent parts of mixtures. We divide the 
various substances into three classes, according to their re- 
spective deportment with these solvents. 

First claSS. SüBSTANCES SOLUBLE IN WATER. 

Seoond olass. — Substances insoluble or sparinolt 

SOLUBLE IN WATER, BUT SOLUBLE IN HYDROCHLORIC ACID, 
nitric ACID, OR AQUA REGIA. 

• CoDSult tbe remarkfl in tho third leoiion. 
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Third.elass. — Substances insoluble orsparinqly solü- 
ble IN WATER AS WELL AS IN HYDROCHLORIC ACID^ NITRIC 
ACIDy AND AQUA REGIA. 

The Solution of alloys being* more appropriatelj effected in a 
different manner from that pursued with other bodies^ I shall give 
a special method for these substances (see § 181). 

The process of Solution is conducted in the rollowing manner. 

A. The Substance under Examination is neither a 

MeTAL NOR AN AlLOY. 

§180. 

1. Put aKout a g^ramme of the finelj pulverized substance 32 
into a small äask or a test-tube^ add from ten to twelve times the 
amount of distilled water^ and heat to boiling over a spirit or gas- 
lamp. 

a. The substance dissolves completely. In that 33 
case it belongs to the first class ; retard must be had to what 
has been stated in the preliminary examination (30) with 
respect to reaction. Treat the Solution either as directed 

§ 182, or § 189, according as either one or several acids and 
bases are supposed to be present. 

b. An insoluble residue remains even after pro- 34 
TRACTED BoiLiNQ. Let the residue subside, and filter the 
fluid off, if practicable in such a manner as to retain the re- 
sidue in the test-tube : evaporate a few drops of the clear 
filtrate on platinum foif } if nothin^ remains, tne substance is 
completely msoluble in water ; in which case proceed as directed 
35- But if a residue remains, the substance is at least partly 
soluble ; in which case boil again with water, filter, add the 
filtrate to the first Solution, and treat the fluid, according to 
circumstances, either as directed § 182, or § 189. Wash the 
residue with water, and proceed as directed 35» 

2» Treat a small portion of the residue which has been boiled 35 
with water (34) witn dilute hydrochloric acid. If it does not 
dissolye, heat to boiling, and if this fails to eflect complete Solution, 
decant the fluid into another test-tube, boil the residue with oon- 
centrated hydrochloric acid, and, if it dissolves, add the Solution to the 
fluid in the other test-tube. 

The reactions which may manifest themselves in this Operation, 
and which ought to be carefiilly observed, are, (a) Efiervescence, 
which indicates the presence of carbonic acid or hydrosulphuric acid ; 
(0) Evolution of chlorine, which indicates the presence of peroxides, 
Chromates, &c. ; (y) Emission of the odor of hydrocyanic acid. 
which indicates the presence of insoluble cyanides. The analysis ot 
the latter bodies being effected in a somewhat different manner, a 
special paragraph will be devoted to them (see § 204). 

a. The residue is completely dissolved by the 36 
HYDROCHLORIC ACID (oxcept pcrhaps that sulphur separates, 
which may be known by its color and light specific gravity, 
and may, after boilio^ some time longer, be removed by filtra- 
tion; or that gelatmous hydrate of silicic acid separates). 
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Proceed, according as there is reason to suppose the presence 
of one or of several bases and acids, either as directed § 185,- 
or as directed § 190 after filtration if necessary. The bodj 
belongs to the second class. To make quite sure of the actual 
nature of the sulphur or hydrated silicic acid filtered off, examine 
these residuary matters as directed § 188, or § 203. 

b. There is still a residue left. In that case put 37 
aside the test-tube containing the specimen which has been 
boiled with the hydrochloric acid, and try to dissolve another 
sample of the substance insoluble in water, or already extracted 
with water, by boiling with nitric acid, and subsequent addition 
of water. Evolution of nitric oxide, or nitrous acid, by the 
action of the nitric acid, shows that a process of oxidation is 
taking place. 

a. The sample is completely dissolvedj or leaves no other 38 
residue but sulphur or gelatinous silicic acid ; in tliis case also 
the body belong-s to the second class. üse this Solution to 
test fiirther for bases, as directed § 18Ö, or, as the case may 
be, § 189, III. (109), and for the rest proceed as in 36. 

ß, There is still a residue left, Pass on to 40. 39 

3. If the residue insoluble in water will not entirely dissolve 40 
in hydrochloric acid nor in nitric acid, try to effect complete Solution 

of it by means of nitro-hydrochloric acid. To this end mix the 
Contents of the tube treated with nitric acid with the contents of the 
tube treated with concentrated hydrochloric acid ; heat the mixture 
to boiling, and should this fail to effect complete Solution, decant the 
clear fluid off from the undissolved residue, boil the latter for some 
time with concentrated nitro-hydrochloric acid, and add the decanted 
Solution in dilute aqua regia as well as the Solution in dilute hydro- 
chloric acid, decanted in 35- Heat the entire mixture once more to 
boiling, and observe whether complete Solution has now been effected, 
or whether the action of the concentrated nitro-hydrochloric acid 
has still left a residue. In the latter case filter the Solution — if 
necessary after addition of some water* — wash the residue with 
boiling water, and proceed with the fil träte, and the washings added 
to it, as directed § 18ö, or § 190. In the former case proceed with 
the clear Solution in the same way.f 

4. If boiling nitro-hydrochloric acid has left an undissolved 41 
residue, wash it thoroughly with water, and then proceed as directed 

§ 188, or as directed § 203, according as there is reason to suppose 
the presence of only one or several bases and acids. 

* If the fluid tams turbid upon additioD of water, this indicates the presence of 
bismuth or aDtimony ; the turbidity will disappear again upon addition of hydrochloric 
acid. 

■f Where the acid Solution on cooling deposits acicular crystals, the latter generally 
consist of Chloride of lead ; it is in that case often advisable to decaut the fluid oü' the 
crystals, and to exaraine the fluid and crystals separately. Wbere on boiling with 
aqua regia metastannic chloride has been formed from binoxide of tin, the washing 
water, dissolving this, becomes turbid on dropping into the strongly acid fluid which 
has run off first. In that case receive the washing water in a separate vessel, aud 
treat the two Solutions separately with hydrosuiphuric acid as directed in § 190, but 
filter afterwards through the same filter. 
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B. The Sübstance ünder Examination is a Metal or 

AN AlLOY. 

§181. 

The metals are best classed according to their behaviour with 42 
nitric acid^ as follows : 

I. Metals which are not attacked by nitric acid : g'old, 
platinam. 

IL Metals which are oxidized by nitric acid, but 

WHOSE OXIDES DO NOT DISSOLVE IN AN EXCESS OP THE ACID OR 

IN WATER : antimony, tin. 

III. Metals which are oxidized by nitric acid andcon- 

VERTED INTO NITRATES WHICH DISSOLVE IN AN EXCESS OP THE 

ACID OR IN WATER : all the other metals. 

Pour nitric acid of 1*20 sp. gr. over a small portion of the sub- 
stance, and applj heat. 

1. COMPLETE SOLUTION TAKES PLACE, EITHER AT ONCE OR 43 

UPON ADDITION OP WATER; this proves the absence of platinum,* 
gold, antiinony,t and tin. Proceed either as directed § 182, op 
§ 189, III. (109)> according as there is reason to suppose the pre- 
sence of only one or of several metals. 

2. A RESIDUE IS LEPT. 

a. A metallic residue. Filter, and treat the filtrate as directed 44 
§ 189, III. (109), after having- seen, in the first place, whether 
anything" has really been dissolved. Wash the residue 
thoroughly, dissolve in nitro-hydrochloric acid, and test the 
Solution for gold and platinum, according* to § 128. 

b, Ä white jndverulent residue ; indicates antimony and TIN. 45 
Filter, ascertain whether anything* has been dissolved, then 
treat the filtrate as directed § 189, III. (109). Wash the re- 
sidue thoroughly, then test for te roxi de op antimony, 
binoxide op TIN, and arsenic acid, accordin? to§ 134, 5. 
(Part, at least, of the arsenic acid is always founa in this pre- 
cipitate, combined with teroxide of antimony and binoxide of 
tin.) 

* AUoys of sÜTer and platinum, with the latter metal present in small proportion 
only, dissolve in nitric acid. 

t Very minute traoes of antimony, however, are often oompletely dissolved by 
nitric acid. 
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III. ACTUAL EXAMINATION. 

Simple Compounds* 

A SUBSTANCES 80LUBLE IN WaTER. 

Deteetion oj the Base,\ 

§ 182. 

1. Add some hjdrochloric acid to a portion of the aqueous 46 
Solution. 

a. No PRECiPiTATE 18 formed; indicates the absence of 

silver and suboxide of mercury, and likewise the absence of 

considerable quantities of lead. Pass on to 50- 

h, A PRECIPITATE IS FORM ED. Divide the fluid in which 47 

the precipitate is suspended into two portions^ and add ammonia 

in excess to the one. 

a. The precipitate redissolveSj and tke ßuid hecames clear: this 
shows the precipitate to have consisted of chloride of silver, 
and is consequendy indicative of the presence of silver. 
To arriTe at a positive conviction on this point, the original 
Solution must be tested with Chromate of potassa^ and with 
hydrosulphuric acid (see § 116, 4, and § I08, 7\ 

ß, The precipitate tums black : this shows tne precipitate 48 
to have consisted of subchloride of mercury, which has now 
been converted by the ammonia into the black Compound ; it 
is consequentihr indicative of the presence of suboxide of 
MERCURT. üjo set all doubt at rest, test the original Solution 
with protochloride of tin, and with metallic copper (see § 116). 

7. The precipitate remains unaltered ; it consists of chloride 49 
of lead, which is not dissolved by ammonia ; this reaction is 
accordin^ly indicative of the presence of lead. Whether 
the precipitate consists really of chloride of lead or not is 
conciusively ascertained : Ist, by diluting the second portion 
of the fluid in which the precipitate produced by hydrochloric 
acid is suspended, with a large amount of water, and apply- 
inff heat; the precipitate must dissolve if it consists of 
chloride of lead ; and 2nd, by testing portions of the original 
Solution with hydrosulphuric acid and sulphuric acid (§ 117, 
4, and 8). 

S. Add to the fluid acidified with hydrochloric acid Solution of 50 
hydrosulphuric acid until it smells distinctly of that ^as after shak- 
ing, heat the mixture, add some more Solution of hydrosulphuric 
acid, and let it stand a short time.t 

* Thifl term is osed to designate ooropounds supposed to oontain only one base and 
ont acid, or one metal and <me non-metallic element. The principal object of thii 
chapter is to facilitate instniotion in analysis, as it is advantaeeous that the examina- 
tion of complex Compounds should be preoeded by the analysis of simple oomponnds. 
In aotual praotioal analyses, use oan be made of this chapter only ezoeptionally, as 
tbere ezists no outward sign by which to jadge whether a substanoe contains only one 
base or acid, or seyeral. 

t Arsenious and arsenio addi^ and silido acid, are indaded bere. 

$ If a precipitate forms immediately upon addition of Solution of hydiijosolphurie 
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a. The fluid rbmains clbar. Pass on to 56» sincethis 
is a proof that lead, bitsmuth, copper, cadmium, oxide of mercorj, 
gold, platinum^ tin^ antimony, arsenic, and sesquioxide of iron are 
not present. 

b. A PRECIPITATB IS FORMED. 

a. The precipitate is white ; it consists of separated 51 
snlphur, and indicates a substance which decomposes hjdrosul- 
phuric acid.* Of the metallic oxides which possess this propertj 
sesquioxide of iron is the most common (§ 111, 3). Test 
for this with ammonia and ferrocyanide of potassium in the 
original Solution (§ 111^ 5 and 6). If it is not found^ pass on 
to 56. 

ß, The precipitate is yellow; it may consist of 52 
snlphide of cadmium. sulphide of arsenic, or bisulphide of tin ; 
it indicates accordingly cadmium, arsenic, or binoxide of tin. To 
distingnish between them, mix a portion of the fluid wherein 
the precipitate is suspended with ammonia in excess^ add some 
sulpnide of ammonium, and warm. 

aa. The precipitate does not dissolve : it consists of cadmium; 
for sulphide of cadmium is insoluble in ammonia and sulphide 
of ammonium. Gonfirm by testinsp the original substance, 
or the precipitate thrown down from the original Solution 
by carbonate of ammonia, with the blowpipe (§ 122, 9). 

lib. The precipitate dissolves : binoxide of tin or arsenic: 
add ammonia to a small portion of the original Solution. 

aa, Ä white precipitate is formed, Binoxidb of tin is 
the substance present. Confirm by reducing the pre- 
cipitate before the blowpipe, with Cyanide of potassium 
and carbonate of soda (§ 130, 8). 

ßß. No precipitate is formed. This indicates arsenic. 

Confirm by the production of an arsenical mirror from the 

original substance or the precipitated sulphide of arsenic, 

either with Cyanide of potassium and carbonate of soda, or 

in some other way ; and moreover by exposing the 

original substance with carbonate of soda to the inner flame 

of the blowpipe (§ 132, 12 and 13). If the Solution con- 

tained arsenious acid, the yellow precipitate formed 

immediately upon the addition of the hydrosulphuric acid ; 

if arsenic acid, it formed only upon the application of heat, 

or after long Standing. For further information respecting 

the means of distinguishing between the two acids see 

§ 134, 9. 

y, The precipitate is oranoe-colored, it consists 53 

of tersulphide of antimony, and indicates teroxide of 

antimony. For confirmation the original Solution is tested 

with zinc in a platinum capsule (§ 131, 8). 

d. The precipitate is dark-brown. It consists of 54 
protosulphide of tin, and indicates protoxide of tin. To 

aoid, it u unDeoesrnry io apply heat, ftc. ; but if the fluid remains olear, or it reo- 
dered only slightly tarbid, the aboTe ooarae of pnioeeding must be strictlj fuUoweJ, to ' 
gnard agaimit the risk of overlooking arsenio acid and binoxide of tin. 

* If the ooloar of the ■olation from being reddiah yellow diangei to green, ohromie 
cid it hidicated. -• 



23 S SIMPLE COMPOUNDS— DETECTION OF BASE. [§182 

confirm, fest a portion of the original Solution with chloride of 
mercury (§ 129, 8). 

e, The precipitate is brownish-black or black. It 5' 
may consist of sulphide of lead, sulphide of copper, tersulpLide 
of bismuth, tersulphide ofgold, bisulphide of platinum, or sul- 
phide of mercury. To distinguish between these düFerent 
sulphides, the following experiments with the original Solution 
are resorted to, 

aa, Add dilute sulphuric acid to a portion ; a white preci- 
pitate indicates lead. To confirm, test with Chromate of 
potassa (§117, 9). 

bb, Add Solution of soda to a portion ; a yellow precipitate 
indicates oxide of mercury. Confirm with ppotochloride 
of tin and copper (§ 119). 

The presence of oxide of mercury is usually sufficiently 
indicated by the several changes of color through which the 
precipitate produced by the Solution of hydrosulphuric acid 
m the fluid under examination is observed to pass ; this preci- 
pitate is white at first, but changes upon the addition ot more 
of the precipitant to yellow, then to orange, and finally to 
black (§ 119, 3). With ven/ acid Solutions the reaction with 
potassa or soda is notefiective (§ 119, 4). 

cc, Add ammonia in excess to a portion ; if a bluish precipi- 
tate is formed which redissolves in an excess of the precipitant 
to an azure color, or even if the ammonia simply colors the 
Solution azure-blue, this indicates copper. To confirm, 
test with ferrocyanide of potassium (§ 120, 9). 

dd. If the precipitate produced by ammonia was white, and 
excess of ammonia has tailed to redissolve it, filter the fluid 
off, wash the precipitate, dissolve a portion of it on a watch- 

flass in 1 or 2 drops of hydrochloric acid, with addition of 
drops of water, and then add more water. If the Solu- 
tion tums milky, this is caused by basic terchloride of 
bismuth : the reaction consequently indicates bismuth. 
Confirm by testing the remaining portion of the ammonia 
precipitate with a Solution of protochloride of tin in soda 

(§ 121, lOl 

ee. Add Solution of sulphate of protoxide of iron to a por- 
tion. A fine black precipitate indicates gold. To connrm, 
expose the precipitate to the flame of the blowpipe, or test 
the original Solution with protochloride of tin (§ 126). 

J[f, Add chloride of potassium and alcohol to a portion ; a 
yellow crystalline precipitate indicates platinum. To 
confirm, heat the precipitate to redness (§ 127). 

3. Mix a small portion of the original Solution with chloride of 56 
ammonium,* add ammonia to alkaline reaction, and then no matter 
whether the latter reagent has produced a precipitate or not^ a little 
sulphide of ammonium, and warm, if a precipitate &ils to separate 
in the cold. 

* The ohlorid« ol «DimoDitim is üted for the pnrpoee of prevenling the preoiinU- 
tioD by ammonia of an j magnesia whioh might hb praient. 
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a. No PRECiPiTATE IS FORMED ; pass on to62; for iron, 
cobalty nickel, manganese^ zinc^ chromium^ alumina^ and silicic 
acid, are not present.* 

b. A PRECIPITATE 18 FORMED. 

a. The preeipUate is block ; protoxide of ipon,t nickel, or 57 
cobalt Mix a portion of tJie original Solution with some 
potassa or soda. 

aa. A dirty greenish -white precipitate is tormed, which 
soon changes to a reddish-brown upon exposure to the air ; 
PROTOXIDE OF IRON. Confirm with ferricyanide of potas« 
sium (§ 110). 

bb, A precipitate of a light greenish tint is prodnced, which 
does not change color : nickel. Confirm with ammouia, 
and addition of potassa or soda (§ 108). 

ec, A skv-blue precipitate is formed, which turns to a light- 
red upon boiling, or is discolored and acquires a dark tint : 
COBALT. Confirm by the blowpipe (§ 109). 
ß. The precipitate is not block, 58 

aa. If the precipitate is distinctly flesh-colored it con- 
sists of sulphide of manganese, and is consequently indicative 
of PROTOXIDE OF MANOANESE. To confirm, add soda to 
the original Solution, or test before the blowpipe (§ 107). 

bb. ff the precipitate is bluish-green, it consists of h jdrated 
sesquioxide of chromium, and is consequently indicutive of 
SESQUioxiDE OF CHROMIUM. To confirm, test the original 
Solution with soda, before the blowpipe (§ 102). 

cc. If the precipitate is white, and does not dissolve on 59 
warming with more sulphide of ammonium,t it may consist of 
hydrate of alumina, hydrate of silicic acid, or sulphide of zinc, 
and may accordingiy point to alumina, oxide of zinc or sili- 
cic acid ; the latter, in that case, is ^enerally contained in the 
original Solution as an alkaline Silicate. To distinguish be- 
tween these three bodies, add soda cautiously to a portion of 
the original Solution, and wait to see whether this produces a 
precipitate ; then add more soda until the precipitate formed 
is re-dissolved. 

aa. If Solution of soda fails to produce a precipitate, 60 
there is reason to testfor silicic acid. For that purpose 
evaporate a portion of the original Solution with excess of 
hydrochloric acid to dryness, and treat the residue with 
hydrochloric acid and water (§ 150, 2), when the silicic acid 
will be left undissolved. Determine the nature of the alkali 
which has been dissolved as directed 65- 
ßß. If soda produces a precipitate, which re-dissolves in 

* With r^;ard to alumina »Dd many of these metals, the ahove oonclusion does 
not h<dd good in the preeence of organic matter, especially of nou-volatile organio 
addfl. In tbia case and if tbe preliminary examinatioii pointed to ooe of the metala 
of the third or fourth group, fuae a portion of the original substanoe with carbonate 
and nitrate of soda, soak the fusion in water, add hydrochloric acid, heat, filter, and 
tail tbe lolaiion so obtaioed according to 56. 

f Setquiozide of iron would have been found already in 51. 

t A white precipitate produoed by sulphide of ammonium and soluble in ezoaee 
on wanning would consist of sulphur. And sulphor might be aeparated here by rach 
a body m » ferricyanide. 
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excess, add to a portion of this alkaline fluid a Utile sulphu- 
retted hydrogen water (t. e,j so that a considerable excess 
of tbe soda maj remain unchanged). A white precipi täte 
indicates zinc. Confirm by cobalt Solution before the 
blüwpipe (§ 106). If sulphuretted hydrogen produces no 
precipitate, add chloride of ammonium to the rest of the 
alkaline fluid and heat. A white precipitate insoluble in 
excess of chloride of ainmonium indicates alumina. 
Confirm by cobalt Solution before the blowpipe (§ 101 ). 

NoU to 58 and 59. 

As yery slight contaminations maj impair the distinctness of tbe 
tints exhibited by the precipitates considerea in 58 and 59, it is advi- 
sable, in all cases where the least impurity is suspected, to adopt the 
following method for the detection of manganese^ chromium^ zinc, 
alumina, and silicic acid. 

Add Solution of soda to a portion of the original Solution^ first 
in small quantity, then in excess. 

aa. No precipitate isformed: SILICIC ACID may be assumed 61 
to be present ; proceed as directed 60* 

hb, A TvMtish precipitate isftfrmedy which does not redissolve 
in an excess of the precipitant, and speedily turns blackish- 
brown upon exposure to the air : manganese. Confirm by 
the blowpipe (§ 107). 

ec, A precipitate isformed, which redissolves in an excess of 
the precipitant: sesquioxide of chromium, alumina^ 

OXIDE OF ZINC. 

aa. To a portion of the alkaline Solution add a Utile hy- 
drosulphuric acid water (t. e,y so that a considerable excess 
of the soda may remain unchanged). A white precipitate 
indicates zinc. 

/3ß. If the original Solution is green or violet, or the 
alkaline Solution is ^een, and if tne precipitate produced 
by soda and redissoWed by excess was of a bluish color, 
SESQUioxiDE OF CHROMiuM is preseut. To confirm, heat 
the alkaline Solution to boiling or try the reaction before 
the blowpipe (§ 102). 

77. Ada chloride of ammonium to the alkaline Solution 
and heat. A white precipitate insoluble in excess of chlo- 
ride of ammonium indicates alumina. Confirm by cobalt 
Solution before the blowpipe (§ 101). 

4. Add to a portion of the original Solution chloride of ammo- 62 
nium and carbonate of ammonia, mixed with some ammonia^ and 
heat gently. 

a. No PRECIPITATE IS FORMED : abseuce of bai-yta, stron- 
tia, and lime. Pass on to 64. 

h. A PRECIPITATE 18 FORMED: preseuce of barj-ta, stron- 63 
tia, or lime. Filter oiF the precipitate, wash it, dissolve it in 
dilute hydrochloric acid, evaporate the Solution to dryness, warm 
the residue with water, filter and add to a portion of this Solu- 
tion a lai^ quantity of Solution of sulphate of lime. 

a. 7%e Solution does not hecome turbidy eve» irfter the lapse qf 
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ßw or ten mmutes: lime. Confirm with Oxalate of ammo- 
nia (§ 97) 

ß, The sohttion beeomes turhitL but only öfter ihe lapse of some 
Urne : strontia. Confirm dt the flame-coloration (§ 96. 
7 or 8). 

y. Ä precipitate is immediately formed : bartta. Confirm 
with hydrofluosilicic acid (§ 95). 

5. Mix that portion of the Solution in which carbonate of am- 64 
monia has^ after previous addition of chloride of ammonium, &iled 

to produce a precipitate (62); with phosphate of soda, add more 
ammonia, and rub tne sides of the vessel with a glass rod gently. 
a. !No PRECIPITATE 18 FORMED: absenco of magnesia. 
Pass on to 65* 

b. A CRTSTALLIXE PRECIPITATE IS FORMED *. MAGNESIA. 

6. Evaporate a drop of the original Solution on perfectly clean 65 
platinum-foil as slowlj as possible, and gentlj ignite the residue. 

a. There I8.no fixed residue left. Testfor ammonia, 
by adding to the original Solution hydrate of lime^ and observ- 
ing the odor and reaction of the escaping gas^ and the fiimes 
which it forms with acetic acid (§ 91). 

b. There is a fixed residue left : potassa or soda. 66 
Add bichloride of platinum to a portion of the original Solution 
(having first evaporated it to a very small bulk ff dilute), and 
shake tne mixture or rub with a glass rod. 

a. No precipitate isformedy not even öfter ten orßfteen minutes : 
80DA. Confirm with the flame coloration or with antimonate 
of potassa (§ 90). 

ß, Ä yellowerystalUne precipitate is formed: VOT ASS A. Con- 
firm with tartaric acid or the flame coloration (§ 89). 

Simple Compounds. 

A. SUBSTANCES 80LUBLE IN WaTER. DeTECTION OF THE 

ACID. 

I. Detection of Inorganio Aoids, 

§ 183. 

Reflect in the first place which of the inorganic acids form solu- 
ble Compounds with the detected base (compare Appendix IV.) and 
bear this in mind in your subsequent Operations, giving due regard 
also to the results of the preliminary examination. 

1. Arsenious acid and arsenic acid have already been 67 
found in the detection of the base. They are distinguished from 
each other by their reaction with nitrate of silver, or with potassa 
and sulphate of copper (see § 134, 9). 

2. The presence of carbonic acid in combination with bases, 68 
SULPHUR in combination with metals, and chromic acid, hasbeen 
also indicated already in the detection of the base. The two former 
betray their presence by efiervescing upon the additioh of hydro- 
chlonc acid ; . Üie escaping gases may oe distinguished firom one 
another bj die smell. The presence of carbonic acid may be con- 
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firmed by lime water (see § 149), and that of hydrosulphuric acid 
by acetate of lead (§ 156). Free carbonic acid and free hydrosul- 
phuric acid in aqueous Solution may be detected by the same reagents. 
The presence of chromic acid is invariably indicated by the yellow 
or red tint of the Solution, as well as by the transition of the red 
or yellow colour to green, and the Separation of sulphur, upon the 
adaition of hydrosulphuric acid water. Coniirm with acetate of 
lead and nitrate of süver (§ 138). 

3. Acidify a portion of the Solution with hydrochloric acid, or 69 
— if oxide of silver or suboxide of mercury has been found — with 
nitric acid, and add chloride of barium or nitrate of baryta as the case 
may be. Should a gelatinous precipitate of silicic acid form on ad- 
dition of hydrochloric acid, repeat the experiment after hanng 
diluted the fluid considerably. In this case it is also best to add 
the acid all at once and not gradually, compare § 150, 2. 

a, The fluid remains clear. Absence of sulphuric 
acid. Pass on to 70. 

l, A precipitate 18 produced, in form dp a pinb 
WHITE powder: sulphuric acid. The precipitate must 
remain undissolved even after fiirther additiun of dilute hydro- 
chloric or nitric acid. 

4. Add Solution of sulphate of lime to another portion of the 70 
Solution (which, if it has an acid reaction, must first oe neutralized, 

or niade slightly alkaline, by anmionia, and if necessary, filtered). 

a, No PRECIPITATE IS FORM ED : abscuce of phosphoric 
acid^ silicic acid, oxalic acid, and fluorine. Pass on to 73« 
h. A PRECIPITATE IS FORMED. Add acetic acid in excess. 71 

CL The preeipitate redissolves readily : phosphoric acid 
or silicic acid. Evaporate a portion of the original Solu- 
tion, after acidifying with hydrochloric acid, to dryness, and 
treat the residue with some nydrochloric acid and water. If 
an insoluble residue is left, it consists of silicic acid. If no 
residue remains, mix a sample of the original Solution with 
chloride of ammonium, sulphate of magnesia, and ammonia. 
A crystalline precipitate shows the presence of phosphoric 
ACID (§ 142). 

ß, The preeipüate ^remains unäissolted er dissolves with 72 
difficulty : OXALIC ACID or FLUORINE. Oxalate of lime is 
pulverulent, fluoride of calcium flocculent and gelatinous. 
If oxalic acid is suspected, confirm by treating the original 
substance with binoxide of man^anese and sulphuric acid 
(§ 145). If fluorine is suspected, confirm by s^plying the 
etching test to the original substance (§ 146)% 
5. Acidify a fresh portion of the Solution with nitric acid, and 73 
add Solution of nitrate of silver. 

u. The FLUID remains clear. This is a proof of the 
absence of chlorine, bromine, iodine, ferrocyanogen, and ferri- 
cyanoffen ; the absence of cyanogen (in simple cyanides) is also 
probable. (Of the soluble cyanides, Cyanide of mercury is not 
precipitated by nitrate of suyer; if, therefore, in detectioii of 
the base mercnir has been found, Cyanide of mercury may be 
present. For tne maaner of deteoting the cyanogen in the 
Atter see § löCs IL) Pessonto^ 
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b. A PRECIPITATE IS FORMED. 

flk The predpitate is orange : ferrictanogeic. Gonfirm 74 
with sulphate of iron (§ 155, Appendix). 

ß, The predpitate is white or yeHowish-white. Treat the 
precipitate with ammonia in exoess — immediately, if the base 
was an alkali or an alkaline earth — after nlt^ng and 
washingy if the base was an earth or the oxide of a neavy 
metal. 

aoL The precipitate is not dissolved : iodine or ferro- 
cyakooen. In the former case the precipitate is pale 
jellowy in the latter white and ffelatinous. Gonfirm for 
iodine with starch and hyponitric acid (§ 154)^ fbr 
ferrocjanogen with sesquicmoride of iron (§ 155^ Ap- 
pendix). 

0/3. The precipitate is dissolved : chlorine, bromine^ 75 
or CYA170GEN. If the original substance smells of hydro- 
cjanic acid, and the silyer precipitate dissolves with some 
cufficulty in ammonia, cyanoqen is indicated. Gonfirm 
by adding to the original Solution sulphate of iron, soda, 
and then nydrochloric acid (§ 1 55). If addition of chlorine- 
water imparts a yellow tint to the original Solution, bro- 
HiNE is mdicated; if the bromine is present only in small 
proportion, Chloroform or bisulphide ot carbon must be used 
m oonjunction with the chiorine-water (§ 158). In the 
proved absence of both bromine and cyanogen tne precipi- 
tate shows the presence of chlorine. 

6. Add to a small portion of the aqueous Solution hydrochloric 76 
acid, drop by drop, until a distinct acid reaction is just imparted 

to the fluid, then dip in a slip of turmeric-paper, take it out and 
dry it at 100®. If the dipped portion looks brownish-red, boracic 
ACID is present Gonfirm oy adding sulphuric acid and alcohol, and 
setting fire to the latter (§ 144). 

7. With regard to nitric acid and chloric acid, these are 77 
nsually discovered in the preliminary examination {ß), Gonfirm for 
the former with sulphate of iron ana sulphuric acia (§ 159) ; for the 
latter by treating tne solid salt with concentrated sulphuric aeid, 

(§ 160). 

Simple Compaundi, 

A. SUBSTAKCES SOLÜBLE IN WaTER. DeTBCTION OF THE AClD. 

II. Deteetion of Orffonio Äeids. 

§184. 

Coii8ider,in the first place, which of the organicacids formsolu- 
ble Compounds with the detected base (compare Appendix lY.), and 
bear this in mind in your subsequent Operations, giving due regard 
also to the results of the preliminary examination. 

The foUowing course presupposes the organic acid to be present 
in the free state^ or in combination with an alkali or an alkaline 
earth. If the detected base belongs to another group, therefore, it 
mnst first be remoYed. Where the base belongs to group V« or groi^ 

b3 
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VI. theremoval is effected by hydrosulphuric acid, where it belonffs 
to group IV. by sulphide of ammonmm. After filtering off tne 
sulphides, and removing" the excess of sulphide of ammonium by acidi- 
fjdng with hydrochloric acid, heatdng, and filtering off the sulphur, 
proceed to 78. Where the base is alumina op sesquioxide of chro- 
mium, try first to precipitate these substances by boiling with car- 
bonate of soda ; should this fail,as it will where the acid is non-volatüe, 
precipitate the latter in a fresh portion of the Solution with neutral 
acetate of lead, wash the precipitate, difiuse it throu^h water, pass 
hydrosulphuric acid, filter off tne sulphide of lead and treat the fil- 
trate as airected below. Alumina may also be precipitated from its 
Compounds with non-volatile organic acids by Solution of soluble 
glass, as Silicate of alumina. To separate acetic or formic acid from 
oases which lie in the way oT their aetection^ you may also distil the 
Salt with dilute sulphuric acid. 

1. Add ammonia to a portion of the aqueous Solution to slight 78 
alkaline reaction, then chioride of calcium in sufficient quantity. If 
the Solution was neutral, or only slightly acid, add chioride of am- 
monium before adding the chioride of calcium. 

a. No PRECIPITATE 19 FORMED, EVEN AFTER 8HAKINO 
THE FLUID AND AFTER THE LAPSE OF A FEW MINÜTES : 

absence of oxalic acid and tartaric acid. Pass on to 80. 

h, A PRECIPITATE 18 FORMED. 79 

a. The precipitate takes same time toform and is erystaUine : 
TARTARIC ACID. Confirm by testing the behaviour of the 
washed precipitate with soda or with ammonia and nitrate 
of silver, or by testing the aqueous Solution with acetate of 
potassa and acetic acid (§ 163). 

ß. The precipitate Jarms immediately and isßnely pulverulent : 
oxALic ACID. Confirm by acidifying a fresh portion of the 
aqueous Solution with acetic acid and adding Solution of sul- 
phate of lime (§ 14ö). 

2. Heat the fluid of 1, 0, to boiling, keep at that temperature for 80 
some time, and add some more ammonia to the boiling nuid. 

a, It REMAINS CLEAR : absence of citric acid. Pass on to 

81. 

h, It becomes turbid, and Deposits a precipitate : 
CITRIC acid.* Confirm by preparing the lead salt, washing it, 
and testing its deportment witn ammonia, in which it readily 
dissolves ; or preferably by preparing the characteristic baryta 
Salt and examining it with tlie microscope (§ 164). 

3. Mix the fluid of 2, a, with 2 volumes of alcohol. 81 
a. It REMAINS CLEAR even after long Standing : absence of 

malic and succinic acids. Pass on to 82. 

d. A PRECIPITATE is formed : malic or süccinic acid. 
Heat a portion of the original solid substance with nitric acid, 
evaporate to dryness. altoffether, boil the residue with Solu- 
tion of carbonate of soda, nlter if necessary, neutralize exacüy 
with hydrochloric acid and test one portion of this Solution wid^ 

* If the ammonia oontaiDS carbonio acid, a precipitate of carbonato of Urne may 
fom liere. Sach a precipitate may be readily diBtlDguiahed £rom dtrate of lime k^ 
hydrechioric add. 
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sulphate of lime ; another portion with sesquichloride of iron. 
A precipitation (of Oxalate of lime) by the former indicates malic 
acid ;* a precipitation by the latter indicates succinic acid. For 
further confirmation prepare the lead sah of the acid and exa- 
mine its properties, compare § 165, 5 and § 168, 6. 
4. Neutralize a portion of the original Solution completely (if not 82 

already absolutely neutral) with ammonia or hydrochloric acid, and 

add sesquichloride of iron. 

O. A REDDISH YELLOW BULKY PRECIPITATE F0RM8 : 

BENZoic ACID. Coufirm by treating the original dry sub- 
stance with hydrochloric acid (§ 169, §). 

b. The liquid acquires a rather intenbe deep red 83 

TINT, AND, UPON BOILING, A LIGHT REDDISH-BROWN PRE- 
CIPITATE SEPARATES : acetic acid <Jr formic acid. If the 
ori^al substance is a solid, warm a portion with sulphuric 
acia and alcohol (§ 171). If the original substance is a fluid, 
having neutralized a portion with soda in case it is acid, 
evaporate it to dryness, and test the residue. The odor of 
acetic ether indicates acetic acid. 

If you do not detect acetic acid, you may conclude that the 
substance contains formic acid : confirm with nitrate of silver 
and Chloride of mercury (§ 172). 

Simple Compounds, 

B. SuBSTANCES INSOLUBLE CR SPARINGLY SOLÜBLE IN WATER, 
BÜT SOLUBLE IN HyDROCHLORIC AcID, NiTRIC AcID, OR 
NiTRO-HYDROCHLORIC ACID. 

Detection of the Base,\ 

§ 185. 

Dilute a portion of the Solution in hydrochloric acid, nitric acid, 84 
or nitro-hydrochloric acid with water,{ and proceed to examine for 
bases of the secondyßfthy and sixth groupa according to § 182, begin- 
ning at 46 if the solvent was nitric acid, at 50 if the solvent con- 
tained hydrochloric acid. It is to be noted here that hydrochloric 
acid when used as a solvent does not usually alter the State of oxi- 
dation of the base present, while nitric acid and nitro-hydrochloric 
acid generally have the effect of more or less oxidizing* the base 
where this is possible. Hence when oxide of mercury, binoxide of 
tin, or sesquioxide of iron is found, and nitric or nitro-nydrochloric 
acid has been used for dissolving, you must examine the original 
substance specially to see in what State the metal is actually present, 
if this is not at once evident from the solubility. In the case of 
mercury salts for instance, treatment with soda would decide which 

* Compare end of § 165, 1. 

t Regard ia also had here to certain salts of the alkaline earths, M thia conne of 
ezaminatioD leada directly to their detection. 

X If upon the addition of water the liquid becomes white and turbid or deposits a 
white preoijntate, this indicates antimony or bismuth (possibly also tin). Compare 
\ 121, 9, acd § 181, 4. Heat with hydrochloric acid until the fluid has beoome olear 
again, ihm pais to 60. 



246 SIMPLE COMPOUNDS S0LXJ6LE IN ACIDS. [§ 185. 

of the Oxides were present, for this reagent separates yellow oxide 
from the salts of the oxide, and black suboxide from the salts of the 
suboxide. 

In testing for bases of the tkird and fourih groupsy with sulphide 
of ammonium, according to 56> the usual course is departed from. 
We have seen (59)> that if in cases where we have a substancb 
soLUBLE IN WATER we obtain a white precipitate upon adding 
Chloride of ammonium, ammonia, and sul))nide of ammonium, this 
precipitate can consist only of sulphide of zinc, alumina, 
HYDRATE OF siLicic ACiD, or SULPHUR. But the case is difie- 
rent if the bodj is insoluble in water, but dissolves in hydro- 
ohloric acid; for in that case a white precipitate produced bj 
ammonia, in presence of chloride of ammonium, may consist also of 

PHOSPHATES, BORATES, OXALATES, SILICATES OF THE ALKALINE 
BARTHS, or FLUORIDES OF THEIR METALS, sinCO all these 

bodies are insoluble in water, but dissolve in hydrochloric acid, and 
(being only sparinely soluble in chloride of ammonium) separate 
again upon neutralization of that acid. In the presence of organic 
substances, this precipitate may also proceed from Compounds 
of TARTARic ACID and ciTRic ACID with sevoral alkaline 

BARTHS. 

If, therefore, a white precipitate is produced upon testing an acid 
Solution, under the circurastances sts^ted, and in pursuing the course 
laid down in § 182 (56), proceed as follows : — 

1. If the results of the preliminary examination have given you 85 
reason to suspect silicic acid (20)> evaporate a portion of the 
hydrochloric acid Solution to dryness, meisten the residue with 
hydrochloric acid and add water. If silicic acid is present, it will 
remain undissolved. Determine the base in the Solution as directed 
56 or 62, as the case may be. 

2. Add to a portion of the original hydrochloric acid Solution 86 
some tartaric acia, and after this ammonia in excess. 

a, No PERMANENT PRECIPITATE 18 FORMED : abseUCe of 

the above enumerated salts of the alkaline earths. Mix another 
portion of the original Solution with soda in excess, and add to 
the one half of the clear fluid chloride of ammonium, to the 
other half a small quantitr of Solution of hydrosulphuric acid. 
The formation of a precipitate in the former (insoluble in excess 
of the reagent) indicates alumina; in the latter, zinc. 

h. A PERMANENT PRECIPITATE IS FORMED : preseUCO of a 

Salt of an alkaline earth. 

a. Bring a sample of the original substanoe, on a watch- 87 
glass, in contact with a few drops of water, and some con- 
centrated sulphuric acid, and then add some binoxide of 
manganese free from carbonates. If evolution of carbonic acid 
takes place instantly, the salt is an Oxalate. To find the 
base, ignite a fresh sample, dissolve the residue in dilute 
hydrochloric acid, and examine the Solution as directed 62* 

ß, Add to a portion of the hydrochloric acid Solution am- 88 
monia until a precipitate forms ; then acetic acid until this is 
redissolved; lastly, acetate of soda, and a drop of sescjui- 
ohloride of iron : the formation of a white flocculent precipi- 
tate indicates phosphoric acid. Add now some more 
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sesquichloride of iron until the fluid has accj^uired a distiiict 
red color, boil, filter boiling", and (after having removed, by 
ammonia, the iron which may have been dissolved) test the 
filtrate, now free from phosphoric acid, for the alkaline earth 
with which the phosphoric acid was combined, as directed 62« 

y. BoRACic ACID isdetected in the weakhydrochloric acid 89 
Solution by tunneric-paper (§ 144)^ and the base combined 
with it, by boiling a portion of the original substance with 
water and carbonate of soda, filtering, washing, dissolving the 
carbonate formed in the least possible amount of dilute hy- 
drochloric acid, evaporating the Solution to dryness, treating 
the residue witii water, filtering if required, and testing ao- 
cording to 62« 

^. Test for pluorine, by heating a portion of the ori- 
ginal substance, or of the precipitate produced in the hydro* 
chloric acid Solution by ammonia, with sulphuric acid (§ 146). 
After remoTal of the fluorine, ascertain the nature of the 
alkaline earth which you have now in the residue, in combi- 
nation with sulphuric acid. 

e. Tartaric acid or citric acid could only be present 
if the substance carbonized when ignited in the glass tube. 
The base is in that case found according to 87 <^d the acid 
according to § 18?. 

Simple Comptmnds. 

B. SUBSTANCES IN80LUBLE OR SPARINOLT SOLUBLB IW WaTBB, 
BUT SOLUBLE IN HyDROCHLORIC AcID, NiTRIC AcID, OJl NjTBO 
HTDROCHLORIO AciD. 

Deteetion qf the AM. 
I. Deteation qf Inorganie 4cids, 

§186. 

1. Chloric acid cannot be present, since all chlorates a?e 90 
soluble in water : nitrxc acid, which may be present in form of a 
basic Salt, must nave been revealed already by the ignition of the 
substance in a glass tube, and so must ctanoqen (8). For the 
analysis of the ctanides insoluble in water see § 204. The results 

of the test with phosphate of soda and ammonia will have directed 
attention to the presence of silicic acid. Evaporation of the 
hydrochloric acid Solution to dryness, and treatment of the residue 
with hydrochloric acid and water, will remove all doubt on this 
point. 

2. Arsenious and arsenic acid,* carbonic acid, chro- 91 
MIC acid and sulphur in the ^rm of metallic sulphides, would 
haye been already detected in the preliminary examination, in the 
process of Solution, or in the examination for the base. Chromic 
acid would have been indicated by the yellow or red color of 
the substance, by the evolution of chlorine on boiling with hydro- 

Hydrocalphario aoid is the best reagent to disÜDgaish between anenious and 
aiiei^ aeid m oompounds inaoluble in waier bat solublo in hydioohlono add, 
1 1»4* 9. '^ 
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ch oric acid and by the subsequent detection of sesquioxide of cbro- 
mium in che Solution. Its presence is confirmed bj fusing with 
carbonate of soda (§ 138). 

3. Boil a portion of the substance with nitric acid. 92 

a, If nitric oxide is evolved^ and sulphur separates, this is 
confinnative of the presence of a metallic sulphide. 

b. If violet vapours escape, the Compound is a metallic 

lODlDE.* 

e. If reddish-brown fumes of a chlorine-like smell are evolved, 
the Compound is a metallic bromide,* in which case the fumes 
will color starch yellow (§ 163). 

4, Dilute a small portion of the nitric acid solution^-or of the 93 
filtrate of this Solution, should the nitric acid have lefb an undis- 
solved residue — and add nitrate of silver. A white precipitate, which, 
afber washing, is soluble in ammonia, and fuses without decomposi- 
tion when heated, indicates chlorine.* 

6. Boil a portion of the substance with hydrochloric acid, filter 94 
if necessary, dilute with water, and add chloride of barium. A white 
precipitate, which does not redissolve even upon addition of a large 
quantity of water, indicates sulphuric acid. 

6. Test for boracic acid as directed § 144, 6. 95 

?. If none of the acids enumerated from 1 to 6 are present, there 
is reason to suspect the presence of phosphoric acid, oxalic 
acid, or FLUORINE, or the total absence of acids. To the presence 
of oxalic acid your attention will have been called already in the 
course of the preliminary examination (8)* Phosphoric acid and 
fluorine have been found already if they were combined with an al- 
kaline earth, and also oxalic acid, if combined with baryta, strontia, 
or lime, 87 to 89 ; they need therefore here be tested for only where 
the examination has revealed the presence of some other base. To 
that end precipitate the base, if belonging to Group V. or VI., with 
hydrosulphuric acid, or if belonging to Group IV., with sulphide of 
ammonium, and filter. If you have precipitated with sulphide of 
ammonium, add to the filtrate hydrochloric acid to acid reaction, 
expel in either case the hydrosulphuric acid by boiling, and filter if 
necessary. Test a portion of this Solution for phosphoric acid, oxalic 
acid, and fluorine, as directed 70* If the base was alumina or ses- 
quioxide of chromium or magnesia, test for phosphoric acid with 
molybdate of ammonia in the nitric acid Solution of the substance 
(§ 142, 10) ; for oxalic acid with binoxide of manganese and sulphuric . 
acid (§ 14Ö) i for fluorine with sulphuric acid (§ 146). 

* It is Bometimes more convenient, as for instance in the case of subiodide, sub- 
bromide and subchloride of mercury, to test for the halogen by boiling the sabstance 
with aoda, filtering, aad testing the filtrate according to 73. 
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Simple Compounds. 

B. SUBSTANCES INSOLÜBLE OR 8PARINOLY SOLUQLE IN WaTER, 

BUT SOLUBLE in AcID8. 

Detectian qf the Äcid, 
II. DetectUm qf Orgaaie Äcids. 

§ 187. 

1. Förmig acid cannot be present, ad all the formates are 96 
soluble in water. 

2. Acetic acid has been revealed already in the preliminary 
examination, by the evolution of acetone. Confirm witn sulphunc 
acid and alcohol (§ 171). 

3. Benzoic acid is usually detected by its separating on Solu- 
tion of the substance in hydrocnloric acid, or when the hydrochloric 
Solution cools. Confirm by washing and drying the precipitate and 
then subliming it. 

4. Boil a portion of the substance for some time with Solution of 97 
carbonate of soda in excess, and filter bot. You have now. in most 
cases, the orgpanic acid in Solution in combination with soda. Aci- 
dulate the Solution slightly with hydrochloric acid, expel the car- 
bonic acid by heat, and test as directed § 184. With bases of the 
fourth group and also in presence of oxide of lead, this mode of 
Separation is not completely successful. In exceptional cases of the 
kind add to the filtrate, auer boiling with carbonate of soda, sul- 
phide of ammonium until the whole of the metallic oxide is thrown 
down, filter and proceed as above. 

Simple Compounds, 

C. Substances insoluble or sparingly soluble in Water, 
Hydrochloric Acid, Nitric Acid, and Nitro-hydro- 
CHLORic Acid. 

Detectian qf the Base and the Acid. 

§ 188. 

TJnder this head we have to consider the foUowing substances as 98 
the only bodies likely to be met with, viz. — sulphate of baryta, 

8ULPHATE OP 8TRONTIA, SULPHATE OF LIMB, FLUORIDE OF 

calcium, silica, strongly ignited or native alumina, sulphate 
OF LEAD, Compounds of lead with chlorine and bromine ; 
Compounds of silver with chlorine, bromine, iodine, and 
cyanooen; ignited or native binoxide of tin, ignited ses- 
quioxide of chromium, and lastly sulphur and carbon. 
For the simple Silicates I refer to § 206, for the ferro- and ferri- 
cyanides to § 204. Whether or no these latter Compounds are to be 
suspected, you will have learnt from the preliminary examination. 

Sulphate of lime and chloride of lead are not alto^ther insoluble 
in water, and sulphate of lead may be dissolved m hydrochloric 
acid. However, as these compounos are so sparingly soluble that 
complete Solution of them is seldom efiected, tbey are included here 
also to ensure their detection, should they have been overlooked 
in the ezamination of the aqueous or acid Solution. - 
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1. Free sulphür miist have been detected alreadj in the pre- 
liminary examination. 

2. Carbon is* generali j black ; it is insoluble in aqua regia ; 
put on platinum foil, with the blowpipe flame plajdng upon the 
nnder side of the foil, it is consumed ;* oy deflagration with nitrate 
of potassa it yields carbonate of potassa. 

3. Sesquioxide of chromium is green or bkckish gjeen and 
would have been previously detected in the microcosmic bead (18). 

4. Pour sulphide of ammonium over a very small quantity of 99 
tbe substanoe. 

a. It türns black ; this indicates a salt of lead or silver. 
a. I%e bodyjkised in the glass tube mithout decomposition (3) : 

ehloride of lead, bromide of lead ; chloride of silver, bromide 
of silver, iodide of silver. Fuse one part of the Compound 
with 4 parts of carbonate of soda and potassa in a small por- 
eelain crucible, let cool, boil the residue with water, and 
test the filtrate for chlorike, bromine, and iodine, as 
directed 73* Dissolve the residue, which consists either of 
metallic silver or oxide of lead, in nitric acid, and test 
the Solution as directed 46* 

ß. Tke botfy evolved cymwgen hy igmtion in the glass tube, and 
10 metalUe silver behind : CYANIDE OF silyer. 

y. I%e hody remained unaltered by igmtion in the glass tube : 
8ULPHATE OF LEAD. Boil a Sample of it with Solution of 
carbonate of soda, filter, acidulate the filtrate with hydro- 
chlorie acid and test with chloride of barium for sul- 
PHURic ACID ; dissolve the washed residue in nitric acid, 
and test the Solution with hydrosulphuric acid and with sul- 
phuric acid for lead, 

b. It remains white : absence of a salt of lead or silver. 100 
a. Test a portion for binoxide of tin with a borax 

bead colored slightly blue vrith oxide of copper (§129, 12). 

If a reddish brown to ruby red color is proauced, confirm 

for the presence of tin by reducing a portion with carbonate 

of soda and Cyanide of potassium (§ 1^9, 11\ 
ß. Triturate a small portion with finely pulverized quartz^ 

moisten the mixture in a small crucible with a few drops of 

streng sulphuric acid and warm gently. 

aa. White fumes are evolvedy which redden UtmuSy and 
render turbid a drop of water (§ löO, 6)-: indicates Fluo- 
ride OF CALCIUM. Reduce a portion of the substance 
to a fine powder, decompose this in a platinum crucible 
with sulphuric acid, and try the reaction on glass 
(§ 146), to confirm the presence of fluorine; boil 
nie residue with hydrochloric acid, filter, neutralize the 
filtrate with ammonia, and test for ljme with Oxalate of 
ammonia. 

bb, Nofwmes are evolved which redden litmus, and render 
turbid a drop of water. Mix a portion of the very finely 
pulverized substance with 4 times the quantity of pure 
carbonate of soda and potassa, and fiise in a platinum 

* Qmphiie raqviref liroiiig hMting in % eoirtat of oijgtB. 
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crucible (or on platinum foil). Boil the fiised mass with 
water, filter should a residue be left^ and wash the latter. 
Acidulate a portion of the filtrate with h jdrochloric acid, 
and test with chloride of barium fbr sulphuric acid; 
and in case jou do not find that acid, test another portion 
of the filtrate for silicic acid. by evaporatin£^ the fluid 
acidified with hydrochloric acid (§ 150, 2). It silicic acid 
also is absent, dissolve the residue of the evaporation in 
hydrochloric acid and test with ammonia for alumina. 

If the SILICIC ACID was present in the pure state^ 
tiie mass resultin^ from the fiision with carbonate of soda 
and potassa must nave dissolved in water to a clear fluid ; 
but if Silicates also happened to be present, the bases oJF 
them are left behind undissolved, and may be further 
examined. 

In the absence of alumina you cannot expect the 
fiision to dissolve completely in water unless you have 
employed a large quantity of the flux and a hign tempe- 
rature. 

If sulphuric acid has been found, the alkaline earth 
which was combined with it is found on the filter as a 
carbonate. Wash this^ then dissolve in dilute hydro- 
chloric acid, evaporate to dryness, take up with water. 
and test for baryta^ strontia. and lime^ as directed 

62. 

Complex Compounds,* 

A. SUBSTAXCBS SOLUBLE IN WatER, AND ALBO SUCH AS ARB 
INSOLUBLB IN WaTER, BUT DISSOLVE IN HtDROCHLOBIC 

Acid, Nit&ic Acid^ or Nitro-htdrochloric acid. 

Deteetion qf the Bases,^ 

§ 189.1 

^I^eatment with Hydroehlorio Äeid : Deteetion qf Süver, Suboxide 

qf Mereury [Lead],) 
Hie systematic course for the deteetion of the bases is essen- 101 
tiallv the same for bodies soluble in water, as for those which are 
soluble only in acids. Where the diflerent nature of the original 
Solution occasions a Variation in the course of analysis^ such Varia- 
tion will be distinctly stated. 

I. Solution in Wateiu 

Mix the portion intended for thb dstection or the 102 

BASES with SOME HYDROCHLORIC ACID. 

* I ose this term to deeignate oomponDds in which all the more freqnently oocar- 
ring bases, acids, metals, and metalloios are supposed to be present 

+ ConsuH Ibe ezplanations in the Third SeoUon, with the Contents of which jxm 
should make yoonett thorooghly acqoainted befote prooeeding fnrtber. "B^gm is 
here had also to the presence of the acids of araenio, and of those salts of the idkalino 
earths whioMüssolve in hydrochloric add, and separate again from that Solution an« 
atepsd «pon pectraKaatioa of the aoid by ammoma. 

t Oontnlt tb0 lemarka In the Third Section. 
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1. The SOLUTION had an acid or neutral reaction pre- 

VIOUSLY TO THE ADDITION OF THE HYDROCHLORIC ACID. 

a, No PRECiPiTATE 18 FORMED : thiß indicates the absence 
of silver and suboxide of mercuiy. Pass on to § 190. 

b, A PRECIPITATE 18 FORMED. Add more hydrochloric 
acid, drop by drop, until the precipitate ceases to increase ; 
then add about six or eigbt drops more of hjdrochloric acid, 
shake the mixture and mter. 

The precipitate produced by hydrochloric acid may con- 
ßist of Chloride of silver, subchioride of mercury, chloride of 
lead, a basic salt of antimony, basic chloride of bismuth, meta- 
chloride of tin, possibly also benzoic acid. The basic salt of 
antimony and the basic chloride of bismuth, however, redis- 
solve in the excess of hydrochloric acid ; consequently, if the 
Instructions given have been strictly followed, the precipita'te 
coUected upon the filter can consist only of chloride of silver, 
subchioride of mercury, or chloride of lead (possibly also of the 
very rare metachloride of tin and benzoic acid, which, however, 
are disreg^rded here), 

Wash the precipitate collected upon the filter twice with 
cold water, add the washings to the filtrate, and examine the 
Solution as directed § 190, even though the addition of the 
washings to the acid filtrate should produce turbidity in the 
fluid (which indicates the presence of Compounds of antimony 
or bismuth, or possibly also of metachloride of tin). 
Treat the twice-washed precipitate on the filter as follows ; 103 

a Pour bot water over it upon the filter, and test the 
fluid running off with hydrosulphuric acid and with sulphu- 
ric acid for lead. (The non-formation of a precipitate 
simply proves that the precipitate produced by hydrochloric 
acid contains no lead, and does not by any means establish 
the total absence of this metal, as hydrochloric acid fails to 
precipitate lead firom dilute Solutions). If the hydrochloric 
acid precipitate contains chloride of lead, wash it several 
times witn bot water to dissolve out the lead. 

ß. If there is a residue remaining on the filter, treat it 
with ammonia. If this changes its color to black or gray, it 
is a proof of the presence of suboxide of mercury. 

y. Add to the ammoniacal fluid running off in ß nitric 
acid to strongly acid reaction. The formation of a white, 
curdy precipitate indicates the presence of silver.* (If 
the precipitate still contained lead, the ammoniacal Solution 
generally appears turbid, owing to the Separation of a basic 
salt of lead. This, however, does not mterfere with the 
testing for silver, since the basic salt of lead redissolves upon 
the addition of nitric acid.) 

2. The original aqueous Solution had an alkaline 104 
reaction. 

a. The addition of hydrochloric acid to strongly 

acid reaction fails to produce EVOLUTION OF GAS ORA 

* If the qoantity of silver is only veiy small| its preaeooe is indicated by opaletoenoo 
of the fluid. 
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PRECIPITATE, OR THE PRECIPITATE WHICH FORMS AT 
FIRST REDISSOLVES UPON FURTHER ADDITION OF HYDRO- 

CHLORic ACiD : pass on to § 190. 
b. The addition of hydrochloric acid produces a 

PRECIPITATE WHICH DOES NOT REDISSOLYE IN AN EXCESS 
OF THE PRECIPITANT, EVEN UPON BOILING. 

a. The Jormation of the preeipitate is attended neither wUh 105 
evolution ofhydrosulphuric acid nor of hydrocyanic acid, Filter, 
and treat the filtrate as directed § 190. 

aa, The precipitate is white. It may, in that 
case^ consist of a salt of lead or silver, insoluble or diffi- 
cultly soluble in water and hydrochloric acid (chloride 

OF LEAD, SULPHATE OF LEAD, CHLORIDE OF 8ILYER, 

&c.), or it may be hydrate of silicic acid. Test it 
for the bases and acids of these Compounds as directed 
§ 203, bearing in mind that the chloride of lead or chlo- 
ride of silver which may be found may possibly have been 
formed in the process. 

bb. The precipitate is yellow or orange. In 
thatcase it may consist of sulphide of arsenic, and 
if the Üuid from which it has separated was not boiled 
long, or only with very dilute hydrochloric acid, also of 

SULPHIDE OF ANTIMONY, Or BISULPHIDE OF TIN, which 

substances were originally dissolved in ^mmonia, potassa, 
soda, phosphate of soda, or some other alkaline fluid, 
with the exception of alkaline sulphides and cyanides. 
Examine the precipitate, which may also contain hydrate 
OF silicic acid, as directed 40- 

ß, The Jormation of the precipitate u attended with evolution of 106 
hydrosulphuric acid, but not of hydrocyanic a^,* 

aa, The precipitate is of a pure white color, 

AND CONSISTS OF SEPARATED SULPHUR. In that Case 

a SULPHURETTED ALKALINE SULPHIDE is generally 
present. The presence of such a body may be detectea 
also by the yellow or brownish-yellow color of the 
alkaline Solution, and the odor of hydride of sulphur, 
which accompanies that of the sulphuretted hydrogen on 
the addition of an acid. Boil, filter, and treat the nl träte 
as directed § 194, the precipitate as directed § 203. 

hb, The precipitate is colored. In that case you 
may conclude that a metallic sulphur salt is present, 
i.f., a combination of an alkaline sulphur base with a 
metallic sulphur acid. The precipitate may accordingly 

consist of TERSULPHIDE OF GOLD, BISULPHIDE OF PLA- 
TINUM, BISULPHIDE OF TIN, SULPHIDE OF ARSENIC, 

or SULPHIDE OF ANTIMONY. It might, however, consist 

also of SULPHIDE OF MERCURY Or of SULPHIDE OF COP- 

PER or SULPHIDE OF NICKEL, or coutaiu thesc substan- 
ces, as the former will dissolve readily in sulphide of 

* Should tbe odor of the eyoWed gas leaye any doubt regarding tbe aotiuü preeenoe 
or abwDoe of bvdrooyanio acid, add some Chromate of potaua to a portion of tbe fluid, 
previouflly to tbe addition of tbe bydroobloric acid. 
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potassiomy and in small quantities in sulphide of ammo- 
nium, and the latter are slightlj soluble in sulphide of 
ammonium. Filter, and treat the filtrate as directed § 194, 
the precipitate as directed 40- 

y, ThefomuUion of the precipitate i$ attended with evolutian of 107 
hydrocyanic acid, fvith or withaut simultaneous düengagetMnt of 
J^drosulphurio aeid. This indicates the presence of an alka- 
LiNE CYANIDE, and, if the evolution of the hydrocyanic 
acid is attendea with that of hydrosulphuric acid, also of an 
alkaline sulphide. In that case the precipitate may, besides 
the Compounds enumerated in a and 0, contain many other 
substances f«.^., Cyanide of nickel, Cyanide of silver, <&c.). 
Boil, with mrther addition of hydrocnloric acid, or of nitric 
acid, until the whole of the hydrocyanic acid is expelled, 
and treat the Solution, or, if an undissolved residue has been 
left, the filtrate as directed § 190 1 and the residue (if any) 
according to § 203 or § 204. 
e. The addition of hydrochloric acid fails to 108 

PRODUCE A PERMANENT PRECIPITATE, BUT CAUSES EVO- 
LUTION OF GAS. 

a. The escaping gas smeüs ofhydrosulphurie aeid: this indi- 
cates a SIMPLE ALKALINE SULPHIDE, Or 8ULPHUR 
SALT WITH ALKALINE OR ALKALINB EARTHY BASB. 

Proceed as directed § 194. 

ß. The escaping gas is inodorous : in that case it is car- 
BONic ACID which was combined with an alkali. Pass 
on to § 190. 

y. The escaping gas smells of hydrocyanic acid (no matter 
whether hydrosulphuric acid or carbonic acid is evolved 
at the same time or not). This indicates an alkaline 
CYANIDE. Boil until the whole of the hydrocyanic acid 
is expelled, then pass on to § 190. 

II. Solution in Hydrochloric Acid or in Nitrohydro- 

cHLORic Acid. 

Prooeed as directed § 190. 

III. Solution in Nitric Acid. 

Dilute a small portion ; should this produce tarbidity or a pre- 109 
cipitate (indicative of bismuth), add nitric acid until the fluid is 
clear again, then hydrochloric acid. 

1. No PRECIPITATE IS FORMBD. Abseuce of silver and 
subozide of mercury. Treat the principal Solution as dirocted 
§190. 

2. A PRECIPITATE 18 FORMED. Treat a lai^T portion of 
the nitric acid «olution in the same way, filter, and examine the 
precipitate as directed 103) the filtrate as directed § 190. 
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§ 190.* 

{Treafment with Hydrasulphurie Acid, PreeipUatian qf the MetatUe 
Oxides qf Group F., 2nd Division^ and qf Group VI.) 

Add to a »mall Portion of the clear acid Solution 

HTDROSULPHURIC ACID WATER, UNTIL THE ODOR OF HTDRO- 
8ULPHURIC ACID IS DISTINCTLY PERCEPTIBLE AFTER SHAKINQ 
THE MIXTUREy AND WARM OENTLT. 

1. No PRECiPiTATE IS FORMED, 67611 «fiter the lapse of soine HO 
time. Pass on to § 194, for lead, bismuth, cadmium; copper, mer- 
curj, gold, platinum, antimony, tin, and ars6nic,t are not present ;t 
the absence of sesquioxide of iron and of chromic acid is also indi- 
cated by this negative reaction. 

2. A PRECIPITATE IS FORMED. 

a, The preeipitate is of a pure white coloVy liffht, and finely 111 
pulverulent, and does not redissolve on addition of hydro- 
chloric acid. It consists of separated sulphur, and indicates 
the presence of sesquioxide of iron.§ None of the other 
metals enumerated in HO can be present. Treat the prin- 
cipal Solution as directed § 194. 

h. The preeipitate is colored, 

Add to the larger proportdon of the acid or acidified 112 
Solution, best in a small flask, hydrosulphuric acid water in 
excess, i.e., until the fluid smells distinctly of it aA;er shaking, 
and the preeipitate ceases to increase upon continued addition 
of the reagent ; applj a gentle heat, shake vigorouslj for 
some time, filter, keep the filtrate (which contains the oxides 
present of Groups I, — IV.), for further examination accord- 
ing to § 194, and thorougUy wash|| the preeipitate, which 
contains the sulphides of the metals present of Groups V. 
and VI. 

In man j cases, and more particularly where there is any 
reason to suspect the presence of arsenic, it wül be found 
more convenient to transmit hydrosulphuric acid gas 
through the Solution diluted with water, instead of 
addin^ hydrosulphuric acid water. When arsenic is sns- 
pected it is also well to keep the fluid at about 70° during 
the transmission of the gas. 

* OohbuU tbe remarkB in the Third Section. 

f Where the pielimimu-y examination has led ▼oatosaspectthepreaenoeof ananit 
acidC you matt endeavour to obtain the inoet conclusive eyidenee of the abseaioe of this 
acid ; this may be doDe by allowing the fluid to stand for some time at a gentle heal 
(about 70*^), or by heating it with sulphurons acid previous to the addition of the 
hydroinlphoric acid. (Compare § 133, 8.) 

X In Solutions containing maoh free acid the preoipitatea are frequently formed 
oiüy affcer dilution with water. 

§ Snlphur wiU preeipitate also if solphurous acid, or iodic add, or bromio add ii 
present (which substances are not induded in our analytical oourse), and also if chromio 
add, or chloric add, or free dilorine is present. In presence of chromio add the Sepa- 
ration of tbe sulphur is attended with reduction of the add to sesquioxide of ohromiuin, 
in ooDsequeace of which the reddish-yello^ color of the Solution changes to green. 
(Compare $ ISS.) The white snlphur suspended in the green Solution looks at fiat 
HkA a green predpitate^ whioh frequently tends to mislead beginners. 

H Oompare 8 7. 
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If the precipitate is yellow, it consists principally of 113 
sulphide ot arsenic, bisulphide of tin, or sulphide of cadmium; 
if orange colored, this mdicates sulphide of antimonj ; if 
brown or black, one at least of the following oxides is present; 
oxide of lead, teroxide of bismuth, oxide of copper, oxide of 
mercury, teroxide of gold, binoxide of platinum, protoxide 
of tin. However, as a yellow precipitate may contain small 
particles of an orange colored, a brown, or even a black pre- 
cipitate, and yet its color not be very perceptibly altered 
thereby, it will always prove the safest way to assume the 
presence of all the^ metais named in HO in any precipitate 
produced by hydrosulphuric acid, and to proceed accor(ungly 
as the nezt paragraph (§ 191) directs. 

§ 191.* 

(^Treatment of the Precipitate produced hy Hydrosulphuric Äcid with Sul- 
phide of Ammonium ; Separation ofthe 2nd Division of Group V.fram 
Group VI.) 

InTRODUCE A small PORTION OF THE THOROUGHLY WASHED 114 
PRECIPITATE PRODUCED BY HYDROSULPHURIC ACID IN THE 
ACIDIPIED SOLUTION INTO A TEST-TUBE,t ADD A LITTLE 
WATER, AND PROM TEN TO TWENTY DROPS OF YELLOW SUL- 
PHIDE OF AMMONIUM, AND EXPOSE THE MIXTURE FOR A SHORT 
TIME TO A GENTLE HEAT.j 

1. The precipitate dissolves completely in sulphide US 
OF AMMONIUM (or SULPHIDE OF 80DIUM, as the case may be); 
absence ofthe metais of Group V. — cadmium, lead, bismuth, copper, 
mercury. Treat the remainder of the precipitate (of which you 
have d^^ested a portion with sulphide ot ammonium) as directed 

§ 192. If the precipitate produced by hydrosulphuric acid was so 
trifling that you have used the whole of it in treating with sulphide 
of ammonium, precipitate the Solution obtained in mat process by 
addition of hydrochloric acid, filter, wash the precipitate, and treat 
it as directed § 192. 

2. The precipitate is not redissolved, or at least not 116 
COMPLETELY eveu ou heatiug with more sulphide of ammonium 

* Cousalt the notes in the Third Section. 

f If there is a somewhat large precipitate, this may he readilj effected by means 
of a small spatula of pUtinum or hörn ; bat if you have only a very trifling precipitate, 
make a hole in the bottom of tbe filter, and rinse the precipitate into the test tube by 
means of the washing-bottle, wait until tbe precipitate has subsid«!, and tben deoant 
the water. 

X If tbe Solution contains copper, which is generally revealed by the oolour of tbe 
fluid, and may be ascertained positively by testing with a clean iron rod (see § 120, 
11), use sulphide of sodium instead of sulphide of ammonium (in which sulphide of 
copper is not absolutely iuRoluble, see § 120, 5), and boil tbe mixture. But if the 
fluid, beflides copper, contains also oxide of mercury (tbe presence of which is generally 
snfficiently indicated by the several changes of color exhibited by the precipitate form- 
ing upon the addition of the hydrosulphuric acid water [§ 119, 8], and whidi, in 
doubtful cases, may be detected with positive certainty by testing a portion of tibe 
original Solution acidified with hydrochloric acid with protochloride of tm), sulphide of 
ammonium must be used, altboui^b the Separation of the sulphides of the antimony 
group from the sulphide of copper is not fully efi^ected in such oases. Were ralphk» 
of sodium used, the sulphide of mercury would dissolve in this reagent, whioh wonld 
imDdde the nlterior ezamination of the sulphides of the antimony group. 
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or sul])hide of sodium, as the case may be) : presence of metals of 
Group V. Dilute with 4 or 5 parts of water, filter, and mix the 
filtrate with hjdrochloric acid in slight excess. 

a, A pure white turbidity is occasianed, oming to the Separation 
of mlphur. Absence of the metals of Group VI, — ^ffold, plati- 
num, tin, antimony, and arsenic* Treat the rest o? the preci- 
pitate (of which you have dig-ested a portion with sulphide of 
ammonium) according to § 193. 

h. A colored precipitate is formed: presence of metals ofll7 
Group VI. and of Group V. Treat the entire precipitate pro- 
ducea by hydrosulphuric acid as you have treated the portion, 
Le, digest it with yellow sulphide of ammonium or, as the case 
may be, sulphide of sodium, let subside, pour the supernatant 
lijquid on a filter, digest the residue in the tube once more 
with yellow sulphide of ammonium (or sulphide of sodium), 
and filter. Wash the residuef (containing the sulphides of 
Group V.), and treat it afterwards as directed § 193. Dilute 
the filtrate (which contains the metals of Group VI. in the 
form of sulphur salts), add hydrochloric acid to aistinctly acid 
reaction, heat gently, filter ofF the precipitate, which contains 
the sulphides of the metals of Group Vi. mixed with sulphur, 
wash thoroughly, and proceed as directed in the next para- 
graph (§ 192). 

§ 192.1 

(JDetcction of the Metals of Group VI, : Arsenie, Antimony^ Tin, 

Goldy Platinum,) 

If the precipitate consistin»* of the sulphides of Group VI. has 118 
a PURE YELLOW coLOR, this mdicates principally arsenic and bin- 
oxide of tin ; if it is distinctly orange-yellow, antimony is sure 
to be present; if it is brown or black, this denotes the presence 
of protoxide of tin, platinum, or gold. . 

Beyond these general indications the color of the precipitate 
afPords no safe guidance. It is therefore always advisaule to test 
a yellow precipitate also for antimony, gold, and platinum, since 
mmute quantities of the sulphides of these metals are completely 

* That tbis inference becomes uncertain if the precipitate produced by hydrosul- 
pharic acid, iostead of being digested with a small quantity of sulphide of aromoniiiiD, 
has been treated with a large quantity of that reageot, is self-evident ; for the large 
quantity of sulphur which separates in that case will of course completely conceal any 
slight traces of sulphide of arsenic or bisulphide of tin which inay have been thrown 
down. Compare also notes to § 190 and § 191 in the Third Section. 

f If the residue snspended in the fluid containing sulphide of ammonium, and 
insoluble therein, subsides readily, it is not transferred to the filter, but washed in the 
tube by decantation. But if its subsidence prooeeds slowly and with difliculty, it is 
transferred to the filter, and washed there ; a hole is then made in the bottom of the 
filter, and the residue rinsed into a small porcelain basia by nieans of a washing-bottle ; 
the application of a gentle heat will now materially aid the subsidence of the residue, 
and the supernatant water may then be decanted. The sulphides are occasionally bus- 
pended in the fluid in a State of such minute division that the fluid cannot be filtered 
off clear. In cases of the kind some chloride of ammonium should be added to the 
fluid, and it should be allowed to sottle at a gentle heat for lome iime before being 
flltered. 

t Consnlt the notet in tbe Third Section. 
I. 8 
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hidden by a large auantity of bisulphide of tin or sulphide of arsenio. 
Proceed accordingiy as wUows : 

Heat a little of the precipitate on the lid of a porcelain cmcibley 
or on a piece of porcelain or glass.* 

l.Camplete volatilization ensues: probable presence of arsenic, UQ 
absence of the otber metals of Group VI. Confirm by reduction 
of a portion of the precipitate with Cyanide of potassium and car- 
bonate of soda (§ lo2, 12),f Whetber that metal was present in 
the form of arsenious acid or in that of arsenio acid, may be ascer- 
tained by the methods described § 134, 9. 

2. Aßxed residue is left. In that case all the metals of Group VI. 120 
must besought for. Dry the remainder of the precipitate thoroughly 
upon the filter, triturate it with about 1 part of anhydrous carbonate 
of soda and 1 part of nitrate of soda, and transier the mixture in 
small portions at a time to a porcelain crucible, in which you have 
previously heated 2 parts of nitrate of soda to Äision.t As soon as 
complete oxidation is efPected, pour the mass on to a piece of por- 
celain. Af^er cooling soak the Aised niass§ (the portion still 
sticking to the inside of the crucible as well as the portion ponred 
out on the porcelain) in cold water, filter from the insoluble residue 
— which will remain if the mass contained antimony, tin, gold, or 
platinum — and wash thoroughly with a mixture of about equal 
parts of water and alcohol. (The alcohol is added to prevent the 
Solution of the antimonate of soda. The washings are not added 
to the filtrate.) Tho nitrate and the residue are now examined as 
follows : 

a, EXAMINATION OF THE FILTRATE FOR ARSENIC (whlch 121 

must be present in it in the form of arsenate of soda). Add 
nitric acid to the fluid to distinctacid reaction,|| heat to expel 
carbonic acid and nitrous acid, then divide the fluid into two 
portions. Add to tlie one portion some nitrate of silver (not 
too little), filter (in case chloride of silverlF or nitrite of silver 

* That this preliminary exainination may be ornitted if the precipitate has any 
other color than yellow, and that it can give a decisive result only if tfie precipitate 
has been thoroughly washed, is self-evident. 

t In cases where the precipilale contains rouch free ralphur, disfolve the sulphide 
of arsenic ^hich may be present, by digestion in carbonate cf ammonia, filter, eva- 
porate the Solution with addition ofa small quantity of carbonate of soda, to drynoFS, 
and heat the residue with c}anide of potassium and carbonate of soda. 

X Should the amouni of the precipitate be so minute that this Operation cannot be 
conveniently performed, cut the filter, with tho dried precipitate adhering to it, into 
small pieces, triturate these with some carbonate and nitrate of soda, and project both 
the powder and the paper into the fusing nitrate of soda. It is preferable, however, 
in such cases, to procure, if practicable, a larger amount of the precipitate, as other- 
wise there will be but little hope of effecting the positive detection of all the metals of 
Gronp VI. 

§ Supposing all the metallic sulphides of the sixth group to have been present, 
the fused mass would consist of antimonate and arsenate of soda, binoxide of tin, 
metallic gold and platinum, solphate, carbonate, nitrate, and some nitrite of soda. 
Compare also § 134, 1. Wben gold and tin are present t<^ether the fused mass often 
has a peculiar light red color. 

II In some cAses where a somewhat large proportion of carbonate of soda has been 
used, or a very streng heat applied, a trifling precipitate (hydrated binoxide of iin) 
may separate upon the acidifioation of the filtrate with nitrio acid. This may bt fil- 
tered off, and then treated in the same manner as the undissolved rejbidue. 

H Chloride of silver will separate if the reagents were not perfectly puie^ . ot 1^ 
precipitate has not been thoroughly washed. ; 
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should have separated), pour upon tbe filtrate, along the side 
of the tube held slanting*, a lajer of dilute Solution of ammo- 
nia — 2 parts of water to 1 part of Solution of ammonia — and 
allow to stand some time without shaking^. The formation of 
a reddish-brown precipitate, which uppears hovering' cloud- 
like between the two lajers (and maj oe seen far more readily 
and distinccly bj reflected tnan bj transmitted light), denotes 
the presence of arsenic. 

Ii the arsenic is present in some quantitj, and the free 
nitric acid of the Solution is exactlj saturated with ammonia^ 
the fluid being^ stirred during this process, the precipitate of 
arsenate of silver which forms imparts a brownish-red tint 
to the entire fluid. 

Add to the other portion of the acidified Solution, first 122 
ammonia, then a mixture ofsulphateofmagnesiaandchloride 
of ammonium, and rub the sides of the vessel with a glass 
rod. A crystalline precipitate of arsenate of magnesia and 
ammonia, which often forms only after long standm^, and is 
deposited more particularly on tne side of the vessel, shows 
the presence of arsenic. Bj way of confirmation the precipi- 
tate may be washed with water containing ammonia, dissolved 
in dilute hydrochloric acid and the Solution precipitated by 
sulphuretted hydrogen with the aid of a gentle heat, or the 
arsenic may be reduced to the metallic State (compare § 132 
and § 133). Whether the arsenic was present in tbe form of 
arsenious acid or in that of arsenic acia, may be ascertained 
by the methods described § 134, 9. 

b, EXAMINATION OP THE RESIDÜE PCR ANTIMONY, TIN, 123 

GOLD, PLATfNUM. (As the autimouy, if present in the re- 
sidue, must exist as white pulvcrulent antimonate of soda, the 
tin as white flocculent binoxide, the gold and platinum in the 
metallic State, the appearance of the residue is in itself indica- 
tive of its nature. But it must be noted that on account of 
the slight solubility of sulphide of copper in sulphide of 
ammonium, a little oxide of copper may aiso be present in this 
residue.) Transfer the precipitate to the lid of a platinum 
crucible, or to a platinum capsule, heat with hydrochloric acid^ 
add a little water, and throw in a small compact lump of pure- 
zinc (more particularly, free from lead), no matter whether 
the precipitate has completely dissolved or not in the hydro- 
chloric acid. This Operation leaves the gold and platinum in 
the same State in which the fused mass contained thcm, viz., 
in the metallic State, to which the tin and antimony are now 
likewise reduced by the action of the zinc. The axtieMONY 
reveals its presence at once, or after a short time, by blackening 
the platinum. As soon as the disengagemcnt of hydrogen 
has nearly stopped, take out the lump of zinc, remove the 
Solution of Chloride of zinc by cautious decantation, warm 
the metals with hydrochloric acid, and test the Solution — 
which, if TIN is present, must contain protoehloride of tin — 
with Chloride of mercury (§ 129, 8). In what State of oxi- 
dation tin or antimony were originally present may be a&cec^ 
tainied according to § 134^ 7 and 8. 

b2 
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After removing the tin by repeated boilinp^ with hydrochloric 124 
acid, and all the hydrocliloric acid by thorougbly washing 
with water, examine the insoluble residue (if one is left) as 
follows : Heat it in the platinum lid with some water, with 
addition of a few grains of tartaric acid, then add some nitric 
acid, and heat gently. If the residue dissolves completely, 
no gold or platinum is present ; if a residue is left undissolved, 
you must test it for these metals. For this purpose remove 
the acid Solution (which may be tested again for antimony 
with hydrosulphuric acid) bv decantation and washing, transfer 
the residue to a porcelain aish, heat with a little aqua regia, 
evaporate the Solution to a small volume, and test for oold 
and PLATINUM as directed § 128. 

§ 193.* 

{Detection of the Metallic Oxides of Group F., ^nd Division: — Oxide qf 
Leadj Teroxide of Bismuthy Oxide of Copper^ Oxide qf Cadnäum, Oxide 
qf Mereury,) 

Thoroughly wash the precipitate which has not been 125 
di880lved by sulphide of ammonium, and boil with dilutb 
NITRIC ACID. This Operation is performed best in a small por- 
celain dish : the boiling mass must be constantly stirred with a 
glass rod. A great excess of acid must be avoided. 

1. The precipitate dissolves, and there remains 126 
floating in the fluid only the separated light floccu- 
LENT AND YELLOW suLPHUR : this indicates the absence of mercury. 
Cadmium, copper, lead, and bismuth may be present. Filter 
from the separated sulphur, and treat the filtrate as follows (should 
there be too much nitric acid present, the greater part of this 
must first be driven off by evaporation). Add to a portion of the 
filtrate dilute sulphuric acid in moderate quantity, heat gently, 
and ullow to stand some time. 

a, No PRECIPITATE FORMS : abscuce of lead. Mix the 127 
remainder of the filtrate with ammonia in excess, and gently 
heat. 

a. No precipitate is fonncd : absence of bismuth. If the 128 
liquid is blue, copper is present ; very minute traces of 
copper, however, might be uverlooked if the color of the 
ammoniated fluid alone were consulted. To be quite safe, 
and also to test for cadmium, evaporate the ammoniated 
Solution nearly to dryness, add a little acetic acid, and, if 
necessary, some water, and 

aa, Test a small portion of the fluid for copper with 129 
ferrocyanide of potassium. A reddish-brown precipitate, 
or a light brownish-red turbidity, indicates copper (in 
the latter case only to a very triflin^ amount). 

bb, To the remainder if copper is absent add hydro- 130 
sulphuric acid. Ayellow precipitate indicates cadmium. 
If conper is present, it is most conveniently removed in 
the torm of subsulphocyanide by means of sulphurous 
acid and sulphocyanide of potassium, and the filtrate, 

* Coniult the notef in the Third Section. 
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after being evaporated to drive off excess of sulphurous 
acid, IS tested for cadmium with hydrosulpliuric acid. 
Or both metals may be precipitated by hydrosulphuric 
acid and then separated by Cyanide of potassium (in 
which case the sulphides must have been recently pre- 
cipitated) or by boiling; dilute sulphuric acid (§ 123). 
ß. A precipitate is fanncd, BiSMUTH is present. Filter 131 
and test the filtrate for copper and cadmium as directed 
128. To test the washed precipitate more fuUy for bismuth, 
slightly dry the filter containing it between blotting-paper, 
remove the still moist precipitate with a platinum spatula or 
aknife, dissolve on a watch-glass in the least possihle quantity 
of hydrochloric acid, and then add water. The appearance 
of a milky turbidity confirms the presence of bismuth. 
h. A PRECIPITATE IS FORMED. Presence of LEAD. Mix 132 
the whole of the nitric acid Solution in a porcelain dish with a 
suflBcient quantity of dilute sulphuric acid, evaporate on the 
water-bath until the nitric acid is expelled, dilute the residue 
with some water containing sulphuric acid, filter off at once 
the sulphate of lead left undissolved, and test the filtrate for 
bismuth, copper, and cadmium, as directed 127«* Test the 
precipitate, after washing, by one of the methods in § 123. 
2. The precipitate of the sulphides does not com- 133 
pletely dissolve in the boiling nitric acid, but leave8 
a residue, besides the sulphur that floats in the 
FLUID. Probable presence of oxide of mercury (which may be 
pronounced almost certain if the precipitate is heavy and black^. 
Allow the precipitate to subside, filter off the fluid, which is still 
to be tested for cadmium, copper, lead, and bismuth; mix a 
small portion of the filtrate with a large amount of Solution of 
hydrosulphuric acid, and should a precipitate form or a coloration 
becorfie visible, treat the remainder of the filtrate according to 126. 
Wash the residue (which may, besides sulphide of mercury, also 
contain sulphate of lead, formed by the action of nitric acid upon 
sulphide of lead, and also binoxide of tin, and possibly sulphide of 
gold and sulphide of platinum, as the Separation of the sulphides 
of tin, gold, and platinum from the sul{)hides of the metals of the 
fifth group is often incomplete), and examine one half of it for 
mercury,t by dissolving it m some hydrochloric acid, with addition 
of a very small portion of chlorate of potassa, and testing the 
Solution with copper or protochloride of tin (§ 119) ; fiise theother 
half with Cyanide of potassium and carbonate of soda, and treat 
the fiised mass with water. If metallic grains remain, or if a me- 
tallic powder is left undissolved, wash this residue, heat with 
nitric acid, ctnd test the Solution obtained with sulphuric acid for 
lead. Wash the residue which the nitric acid may leave undis- 
solved, and extract from it any hydrate of metastannic acid which 

* For another method of separatiog cadmium, copper, lead, and bismuth, aee the 
Third Section. 

t If you have an aqneons Solution, or a Solution in very dilute hydrochloric acid, the 
oxide of mercury found was present in the onji^nal substanoe in that form ; but if 
the solation has been preparec^by boiling with concentrated hydrochloric acid, or by 
beating with nitric acid or aqua regia, the mercury may have been oppinally present 
in the form of juboxida 
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it may contain, according to § 130, 1, as metastannic chloride. 
Should a metallic powder be left undissolved in the process, heat it 
with aqua regia^ and test the Solution for gold and platinum as 
directed § 128. 

§ 194.* 

{Precipitation with Sulphide of Ammonium, Separation and Deteetion qf the 
Oxides qf Croups II I. and IV,: Alumina, Sesquiaxide qf Chromium; 
Oxide of Zinc, Frotoxide qf Manganese, Protoxide of Nickel, Protoxide 
of Cobalt, ProtO' and Sesqtdoxide of Iron ; and also of those Salts qf tke 
Älkaline Barths which are precipitated by Ämmonia from their Solution tu 
Hydrochloric Acid: Phosphates, Borates, Oxalates, Silicates, and Ffnorides.) 

Put a STnall portion of !rHE fluid in which hydrosül- 134 

PHÜRIC ACID HA8 FAILED TO PRODUCE A PRECIPITATE (llO)i OR 
OF THE FLUID WHICH HAS BEEN FILTERED FROM THE PRECIPI- 
TATE FORMED (112), in a test-tube, observe whether it is colored 
or not,t boil to expel the hjdrosulphuric acid which may be prä- 
sent^ add a few drops of nitric acia^ boil, and observe again the 
color of the fluid ; then cautiously add ammonia just to älkaline 
reaction, heat, observe whether this produces a precipitate, then 
add some sulphide of ammonium^ no matter whether ammonia has 
produced a precipitate or not. 

a, Neither ammonia nor sulphide of ammoniuh 135 
PR0DUCE9 A PRECIPITATE. Pass ou to § 195, for iron, 
nickel, cobalt, zinc, manganese, sesquioxide of chromium^ 
alumina, are not present,+ nor are phosphales, borates,§ 
Silicates, and oxalates|| of the älkaline eartns ; nor fluorides 
of the metals of the älkaline earths, nor silicic acid — originally 
in combination with other bases. 

h, Sulphide üf Ammonium produces a precipitate, 136 
AMMONIA HAViNG FAILED TO DO SO: absence of phosphates, 
borates,§ Silicates, and oxalates|| of tlie älkaline earths; of 
the fluorides of the metals of the älkaline earths ; of silicic 
acid, originally in combination with other bases ; and also, if 
no organic matters are present, of iron, sesquioxide of chro- 
mium, and alumina. Pass on to 138* 

* Oompare the notes in the Third SectioD.* 

t If the fluid is colorless, it coiitains no chromium. If colored, the tint will to 
Bome exten t act as a guide to the nature of the substance present ; thus a green tint, 
or a violet tint tuming green upon boiling, points to chromium ; a light green tiut to 
nickel ; a reddish color tu cobalt; the tuming yellow of the fluid upon boiling with 
nitric acid to iron. It must, however, be always bome in mind that tbese tints are 
perceptible only if the metallic oxides are present in large quantity, and also that com- 
plementary colora, such as, for instance, the green of the nickel Solution and the red 
of the cobalt soluüon will destroy each other, and that, accordingly, ä Solution may 
contain both metals and yet appear colorless. 

X This only holds good as regards alumina and sesquioxide of chromium in the ab- 
sence of non-volatile organic substances, especially acids such as citric and tartario 
acids. Citric acid may ^o prevent the precipitation of manganese. Gompare p. 289, 
footnote. 

§ Presence of much chloride of ammonium has a great tendenoy to prevent the pra- 
dpitation of borates of the älkaline earths. 

II Oxalate of magnesia is thrown down from hydrool^orlc aoid Solution by ammonift 
alter some time only, and never oompletely ; dilate tolutionfl are not precipitated hj 
animoniiu 
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c. Ammoxia prodüces a precipitate before the addi- 137 
tion of sulphide of ammonium. The course of proceeding' to 
be pursuea now depends upon wbether, (a) the original Solu- 
tion is simplj aqueous, and bas a neutral reaction, or (ß) the 
orig'inal Solution is acid or alkaline. In the former case pass 
on to 138> since phosphates, borates, Oxalates, and Silicates 
of the alkaline earths, fluorides of the metals of the alkaline 
earths, and silicic acid in combinatiou with other bases, 
cannot be present. In the latter case regard must be had to 
the possible presence of all the bodies enumerated in 135 > and 
also, in the presence of organic matter, of tke combinations of 
alkaline earths with citric and tartaric acids ; pass on to 150* 

1. DeTECTION of the BASES OP OROUPS III. AND IV. IF 138 
PHOSPHATES, &C., OF THE ALKALINE EARTHS ARB NOT PRE- 
SENT.* 

Mix the fluid mentioned at the be^nning of 134» & portion of 
which vou have submitted to a preliminary examination, with some 
Chloride of ammonium, then with ammonia, just to alkaline re- 
action, lastly with sulphide of ammonium until the fluid, after 
being shaken, smells distinctljr of that reagent ; shake the mixture 
until the precipitate begins to separate in flakes, heat gently for 
some time, and Alter. 

Keep the filtrate,! which may contain bases of Croups 
II. and I., for subsequent examination according to § 19ö. Wash 
the PREciPiTATE*with water to which a very little sulphide of 
ammonium has been added, then proceed with it as follows : — 

ö. It has a pure white color : absence of iron, cobalt, 139 
nickel. You must test it for all the other bases of Groups 
III. and IV., as the faint tints of sesquioxide of chromium 
and sulphide of manganese are imperceptible in a large 
quantity of a white precipitate. Dissolve the precipitate by 
heatinff' it in a smau disn with the least possible amount of 
hydrocnloric acid; boil — should hydrosulphuric acid be 
evolved — until this is completely expelled, concentrate by 
evaporation to a small t bulk, add concentrated Solution of 
soda in excess, heat to boiling, and keep for some time in a 
State of ebuUition. 

a. The precipitate farmed atßrst dissolves completely in the ex- 140 
eessofsoda. Absence of manganese and chromium, presence 
of alumina or oxide of zinc. Test a portion of the alkaline 
Solution with Solution of hydrosulphuric acid (a little, not 
excess) for zincj acidify the remainder with hydrochloric 
acid^ add ammonia sVujhtly in excess, and apply heat. A ** 

* Tbis simpler meihod will fully answei^Uie purpoie in most cases ; for very accu- 
rata analjais the metbod beginning at 150 is preferable, as this will permit also the 
detection of roinote quantities of alkaline earths, whioh may have been thrown down 
together with alumina or sesquioxide of chromium. Solutions which are distinctly 
ociored by chromium should always be examined by 150. 

t If the filtrate has a brownish color, this points to nickel, sulphide of nickel, as is 
weUknown, being, ander certain circuinstances, slighily soluble in sulphide of ammo- 
ninm ; thii^ however, involves no modification of the aoaly tioal ooune. 

t Compare § 106» e. 
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white floccnlent precipitate insoluble in more chloride of 
ammoniumy indicates alumixa.* 

ß. The preeijntate formed does not dissolve, or dissolves only 141 
partiaUy in the excess of soda, Dilute, filter, and test the 
FiLTRATE, as in 140, for zixcand alumina. With the 
undissolved precipitate, which, if containing manganese^ 
looks brown or brownish, proceed as follows : — 

aa, If the color of the Solution gives tou no reason to 
ßuspect the presence of chromium, test the precipitate for 
HANOANESE, with carbonate of soda in the outer blow- 
pipe äame. 

bb. But where the color of the Solution indicates ehre- 142 

[ mium, the examination of the residue insoluble in Solution 

of soda is more complicated, since it mayin that case con- 

tain also oxide of zinc, possibly even the whole quantity 

present of this metal (§ 112). Dissolve the precipitate 

therefore in hydrochloric acid, evaporate the Solution to a 

[ small residue, dilute, nearly neutralize the free acid with 

carbonate of soda, add carbonate of baryta in sliffht 

excess, allow to digest in the cold until the fluid has 

become colorless, filter, and test the precipitate for chro- 

MiUM, by fiision with carbonate of soda and chlorate of 

potussa (§ 102, 8). Remove the baryta from the filtrate, 

by precipitating" with some sulphuric acid, filter, evaporate 

to a small residue, add concentrated Solution of potassa 

or soda in excess, and test the filtrate for zinc with 

hydrosulphuric acid, the precipitate, if any, for man- 

OANESE as in aa, 

b. It IS NOT WHITE : this indicates chromium, manganese, 143 

iron, cobalt, or nickel. If it is black, or inclines to black, 

one of the three metals last-mentioned is present. ünder 

any circumstances all the oxides of Croups III. and IV. must 

be looked for. 

Remove the washed precipitate from the filter with a spatula, 
or by rinsing it with tue aid of a washing-bottle through a 
hole made in the bottom of the filter, into a test-tube, and 
pour over it rather dilute cold hydrochloric acid(l part of hy- 
drochloric acid sp. gr. 1'12 with about ö parts of water) in 
moderate excess. 

a. It dissolves completely (except perhaps a little sulphur 144 
which may separate) ; absence of cobalt and nickel, at least 
of notable quantities of these two metals. 

Boil until the hydrosulphuric acid is completely expelled, 
add nitric acid, boil* filter if particles of sulphur are sus- 
pended in the fluid, concentrate by evaporation to a small 
residue, add concentrated Solution of potessa or soda in 
excess, boil, filter the fluid From the insoluble precipitate 
which is sure to remain, wash the latter, and proceed first 
to examine the filtrate, then the precipitate. 

* It is of coorae assumed that the soda or potatisa used is free from. alnmina and 
silicio acid. In the contrary case yoa may make a oounter experiment with a siniilar 
quantity of the alkali alone ; if you obtain a very mach sroaller precipitate now tban 
yoa obtained in the analysit you may oondade that alomina is actnally present in tbe 
snbstanoe. 
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aa. Test a small portion of the Jiltrate with hydro- 145 
sulphuric acid for zinc ; acidify the remainder with 
hyarochloric acid, then test with ammonia for alumina. 
Compare 140- 

bb, Dissolve a small portion of the precipitate in hydro- 146 

chloric acid and test with ferrocyanide of potassium 

added drop by drop, or with sulphocyanide of potassium 

for iRON.* Test another portion for chromium by 

fusinff with carbonate of soda and chlorate of potassa, 

and boilin^ the fiision wdth water (§102, 8).t If no 

chromium nas been found, examine the remainder for 

MANGANESE, by carbouate of soda in the oxidizing flame. 

If chromium is present, on the other band, test the 

remainder of the precipitate for manganese and zinc as 

directed 142- (Under these circumstances the whole of 

the zinc may be present in this precipitate.) 

ß. The precipitate is not completely dissolved, a black residue 147 

being left. This indicates cobalt and nickel. This indi- 

cation is not certain, especially in the presence of much 

sulphide of iron, particles of which may become enveloped in 

the separated sulphur and thus be protected from the action 

of the hydrochloric acid. Filter, wash, and examine the 

filtrate according* to 144. Heat the precipitate with the 

iilter in a porcelain crucible tili the nlter is incinerated, 

allow to cool, warm with hydrochloric acid and a drop op 

two of nitric acid, add water, then ammonia in moderate 

excess, and filter. 

The ammoniacal filtrate will be blue in presence of much 
nickel, brownish in the presence of much cobalt, and will 
have a less distinct mixed color if both metals are present. 
Test a portion of it with sulphide of ammonium. li a black 
precipitate is formed, which üoes not redissolve on acidifying 
with nydrochloric acid, the presence of cobalt or nickel is 
proved. 

In that case evaporate the rest of the ammoniacal Solution 
to dryness, drive off the ammonia salts by gentle ignition, 
and proceed with the residue as follows : — 

aa, Test a small portion of it with borax, iirst in the 148 
outer, then in the inner blowpipe-flame. If the bead in 
the oxidizing* flame is violet whilst hot, and of a pale 
reddish-brown when cold, and turns in the reducing* 
flame gray and turbid, nickel is present; but if the 
color of tne bead is blue in both ffames, and whether 
hot or cold, cobalt is present. As in the latter case 
the presence of nickel cannot be distinctly recognised, 
examine 

* 8ince Prossian blue dissolves in ferrocyanide of potassium to a colorless fluid, 
small quantities of iron may easily be overlooked if the ferrocyanide is added rapidly 
in large quantity. If iron is found, the original Solution must be tested with fem- 
Cyanide of potassium and sulphocyanide of potassium to see in wbat State of ozidation 
it is actually present. 

-f If the Solution u green from the presence of manganate of soda, heat it with » 
Um drops of alcohol and filter off the peroxide of manganese formed. 
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bb. the remainder of the residue by dissolving it in 149 
hydrochloric acid and a little nitric acid, evaporatinff 
nearly to dryness, and adding nitrite of potassa and^ 
lastly, acetic acid (§ 109, 14). If a yellow precipitate 
fonns, after standing for some time at a gentle heat, this 
confirms the presence of cobalt. Filter after about 
twelve hours, and test the filtrate with Solution of soda 

for NICKEL. 

2. DeTECTION of the BASES of OROÜPS III. AND IV. IN 150 
CASE8 WHERE PHOSPHATES, BORATES, OXALATES, SILICATES (iN 
THE PRESENCE OF ORQANIC MATTER, P08SIBLY ALSO TARTRATE8 
AND CITRATES,) OF THE ALKALINE EARTHS, FLUORIDES OF THE 
METALS OF THE ALKALINE EARTHS, OR HYDRATE OF SILICIC 
ACID, MAY POSSIBLY HAVE BEEN THROWK DOWN WITH THESE 

BASES, i,e,j in c»ses where the original Solution was acid or alkaline, 
and a precipitate was produced by ammonia in the preliminary 
examination of 134» 

Mix the fluid mentioned in 134 with some chloride of ammo- 
nium, then with ammonia just to alkaline reaction, lastly with 
sulphide of ammonium until the fluid, after being shaken, smells 
distinctly of the reagent ; shake the mixture unm the precipitate 
begins to separate in flakes, heat gently for some time, and Alter. 

Keep the filtrate, which may contain bases of Groups II. and 
I., for subsequent examination according to § 195. Wash the 
PRECIPITATE with water to which a very little sulphide of ammo- 
nium has been added, then proceed with it as directed 152. To 
give a clear notion of the o})stacles to be overcome in this analyti- 
cal process, I must remind you that it is necessary to examine the 
precipitate for the following bodies: Iron, nickel, cobalt (these 
show their presence to a certain extent by the black or blackish color 
of the precipitate), manganese, zinc, sesquioxide of cbromium (the 
latter generally reveals its presence by tue color of the Solution), 
alumina ; bary ta, strontia, lime, magnesia, which latter substances 
may have fallen down in combination with phosphoric acid, boracic 
acid, oxalic acid, silicic acid, in form of fluorides, or in combination 
with sesquioxide of chromium. Besides these bodies, hydrate of 
silicic acid, and free sulphur may be present. (In the presence of 
organic substances, tartrates and citrates of alkaline earths may 
be also present.) 

As tne original substance must be afterwards examined for all 151 
acids that might possibly be present, it is not indispensable to test 
for the above enumerated acids at this stage ; still, as it is oflten 
interesting to detect these acids at once, especially in cases where 
a somewhat large proportion of some alkaline earth has been 
found in this precipitate, a method for the detection of the acids 
in question wdl be found appended by way of Supplement to the 
method for the detection of the bases. 

As soon as the washing is finished, remove the precipitate from 162 
the Alter with a small spatula, or with the washing bottle, and 
pour over it cold dilute hydrochloric acid (1 part of hydrochloric 
acid sp. gr. 1*12, with about ö parts of water) in moderate excesa. 

' JIS8IDUE RBMAiKS. Filter^ and treat the filtrate aslM 
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directed 154- The residue, if it is black, may contain sul- 
phide of nickel and sulpbide of cobalt and^ besides tliese, 
sulphur and silicic acia, possibly also fluoride of calcium, 
(which is rather difBcultly soluble). Wash, and examine a 
sample of it with phospbate of soda and ammonia before the 
blowpipe^ in the outer name. If a silica skeleton remains un- 
dissolved (§ löO, 8), this proves the presence of silicic acid ; 
the color of the bead will generali jr at once indicate cobalt 
or NICKEL, compare 14S. Incinerate the rest of the preci- 
pitate and test it first for fluorine, by heating^ with sul- 
phuric acid (§ 146, 5). If fluorine is present, on treating the 
residue with a little water, and adding an equal volume of 
alcohol, sulphate of lime will remain behind. Finally, if 
the color of the microcosmic bead has been ambiguous, remove 
the alcohol from the sulphuric acid Solution by evaporation (if 
necessary), precipitate the traces of iron generaily present 
by ammonia, and test for nickel and cobalt as in 147 ^ 150- 

b, No residue is left (except a little sulphur, whose 154 
purity is to be proved by washino^, drying, and burning) : 
absence of nickel and cobalt, at least in any notable pro- 
portion. 

Boil the Solution until the sulphuretted hydrogen is ex- 
pelled, filter if necessary, and then proceed as follows : 

a. Mix a small portion of the Solution with dilute sul- 155 
phuric acid. If a precipitate forms, this may consist of 
sulphates of baryta and st rontia, possibly also of sulphate 
of lime. Filter, wash the precipitate, and examine it either 
by the coloration of flame (see § 99, at end). or decompose 
it by boiling or fusing with carbonated alkali, wash the 
carbonates produced, dissolve them in hydrochloric acid, 
evaporate to dryness, take up with water, and test the 
Solution as directed 164- Mix the fluid which has not 
been precipitated by dilute sulphuric acid, or the fluid 
filtered from the precipitate proauced, with 3 volumes of 
spirit of wine. If a precipitate forms, this consists of 
sulphate of lime. Filter, dissolve in water, and add Oxa- 
late of ammonia to confirm the presence of lime. 

ß. Heat a somewhat larger sample with some nitric 156 
acid, and test a small portion of the fluid with ferrocyanide 
of potassium added drop by drop, or with sulphocyanide of 
potassium for iron ;* mix the remainder with sesquichlo- 
ride of ironf in sufficient quantity to make a drop of fluid 
give a yellowish precipitate when mixed on a watch-glass 
with a drop of ammonia, evaporate on a water-bath to a 
small bulk, add some water, then a few drops of carbonate 
of soda, just sufficient to nearly neutralize the free acid, and 
lastly carbonate of baryta in slight excess, stir, and allow 
to stand in the cold until the fluid above the precipitate 

* Whetherthe iron was present as sesqaiozide or as protoxide, must be ascertsiiied 
by testing tbe original solation in hydrochloric acid with ferricyanide of potasnoiB 
and siUphocyanide of potassiom. 

t liie addifeion of sesqoichtoride of iron is necessary, to eflEect the Separation cf 
^lo^boik Mid and fUioic aoid which may be prateot 
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has become colorless. Filter the precipitate {aa) from the 
Solution (Nji)j and wash. 

aa. Boil the precipitate for some time with Solution of 157 
soda, filter, and test the filtrate for alumina,* by acidi- 
f^ing" with hydrochloric acid, adding ammonia to alkaline 
reaction and boiling. The part of the precipitate insolu- 
ble in Solution of soda is examined for chromium^ bj 
fusion with chlorate of potassa and carbonate of soda 
(§ 102, 8). 

bb. Mix the Solution first with a few drops of hydro- 
chloric acid, boil to expel the whole of the carbonic acid, 
then add some ammonia and sulphide of ammonium. 

aa. No precipitate forms : absence of manganese and 158 
zinc. Mix the Solution containing chloride of barium 
with dilute sulphuric acid in sli^ht excess, boil, filter, 
supersaturate with ammonia, and mix with Oxalate of 
ammonia; If a precipitate of Oxalate of lime forms, 
filter, and test the filtrate with phosphate of soda for 

MAQNESIA. 

ßß, A precipitate forms. Filter, and proceed with 159 
the filtrate according to 158. The precipitate may 
contain sulphide of manganese, sulphide of zinc, traces 
of sulphide of cobalt and sulphide of nickel ; and also 
(in the presence of tartrates and citrates of the alkaline 
earths) sulphide of iron. Wash it and test for man- 
ganese, ZINC, COBALT, and NICKEL, accordiug to 
143 — 150 (if tiie last two metals have not been found 
in 153). 
y. If you have found alkaline earths in a and ß, and wish 160 
to know the acids in combination with which they have 
passed into the precipitate produced by sulphide of ammo- 
nium, this may be ascertained by making the foUowing 
experiments with the remainder of the hydrochloric acid 
Solution of the sulphide of ammonium precipitate. 

aa. Evaporate a small portion in a dish or watch- 161 
glass on the water-bath to complete dryness, then treat 
with hydrochloric acid. If tnere was any silicic 
ACID in the Solution, this will be left undissolved. 
Evaporate the Solution with nitric acid and test it for 
PHosPHORic ACID, by means of molybdic acid (§ 142,10). 
bb. Concentrate another portion by evanoration, mix 
it with carbonate of soda in excess, boil for some time, 
filter, aüd examine one portion of the filtrate for oxalic 
ACID, by acidüying with acetic acid and adding Solution 
of sulphate of lime ; another portion for boracic acid, 
by slightly acidifying with hyorochloric acid, and testing 

* If the Solution or the soda contalos silicic acid, the precipitate taken for alomioa 
may also contain silicic acid. A simple, trial with phosphate of soda and ammonia, ona 
platinuni wire, in the blowpipe flame, will show whether the precipitate really oon- 
tains silicic acid. Should this be the case, ignite the remainder of the snpposed 
alumina precipitate on the lid of a platinum crucible, add some acid sulphate of 
potassa, fuse and treat with hydrochloric acid, which will dissolve the alumina, leaviog 
the «üldo add ondissolTed: predpitato the lUttmina &om the Solution by anunonift. 
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with turmeric-paper (§ 144 and § 145). (In the pre- 
sence of organic matter the rest of the iiltrate may be 
iised for testing for tartaric and citric acids^ 
compare 198-) 

cc. Precipitate the remainder with ammonia, iilter, 162 
wash and dry the precipitate, and examine it for 
FLUORINE according to § 146, ö. 

§ 195.* 

(^Separation and Detection of the Oxides of Oroup IL wMch are pre- 
cipitated hy Carbonate of Ammonia in Presence of Chloride of Am" 
moniuniy mz,y Barytay Strontia^ Lime.) 

To A SMALL PORTION OF THE FLUID IN WHICH AMMONIA 
AND 8ULPHIDE OF AMMONIUM HAVE FAILED TO PRODUCE A 
PRECIPITATE (135), OR OF THE FLUID FILTERED FROM THB 
PRECIPITATE FORMED, ADD CHLORIDE OF AMMONIUM, IF THE 
SOLUTION CONTAINS NO AMMONIACAL SALT, THEN CARBONATE 
OF AMMONIA AND SOME CAUSTIC AMMONIA, AND HEAT FOR 
80ME TIME VERY GENTLY (nOt tO loiling). 

1. No PRECIPITATE FORMS : absence of anv notable quantity 163 
of baryta, strontia, and lime. Traces of these alkaline earths may, 
however, be present ; to detect them proceed as follows. Add to 
another portion of the fluid somc sulphate of ammonia (prepared 
by supersaturatin^ dilute sulphuric acid with ammonia); if the 
nuid becomes turbid, it contains traces of baryta. Add to a third 
portion some Oxalate of ammonia and allow it to stand ; if the 
fluid turns turbid, traces of lime are present. Treat the remainder 
of the fluid as directed § 190, after having previously removed the 
traces of lime and baryta which may have been found, by means 
of the reagents that have served to effect their detection. 

2. A PRECIPITATE 18 FORMED. Preseuce of LIME, BARYTA, 164 

or STRONTIA. Treat the whole fluid of which a portion has been 
tested with ammonia, and carbonate of ammonia, the same as the 
sample, filter off the precipitate formed, after gently heating, and 
test portions of the filtrate with sulphate and Oxalate of ammonia 
for traces of lime and baryta, which it may possibly still contain ; 
remove such traces, shouid they be founa, by means of the said 
reagents, and examine the fluid, thus perfectly freed . from baryta, 
strontia, and lime, for magnesia, according to § ] 90. Wash the 
precipitate produced by carbonate of ammonia, dissolve it in the 
least possibie amount of dilute hydrochloric acid, evaporate to dry- 
ness on the water-bath, take up the residue with a little water, 
and add to a small portion of the fluid a sufficient quantity of Solu- 
tion of sulphate of lime. 

a, No precipitate is formed^ even after the lapse of 
SOME TIME. Absence of baryta and strontia ;t presence of 
lime. To confirm mix another sample with Oxalate of am- 
monia. 

* Compare the notet in tbe Third Section. 

f Yeiy minute traces of Btrontia oannot be deteoted in thia way, as the sulphate 
of strontia is not absolotely insolable. See § 99. 
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b, Ä precipitate isformed hy Solution ofsulphate of Urne. 

a. It is formed immediately; this indicates baryta. 165 
Besides this, strontia and lime maj also be present. 

Evaporate the remainder of tho hydrochloric acid Solu- 
tion Ol the precipitate produced bycarbonate of ammonia to 
-drynep, dig-est the residue with strong- alcohol, decant the 
- fluid trom the undissolved chloride of barium, dilute with 
an equal volume of water, mix with a few drops of hydro- 
flnosilicic acid — which will throw down the small portion 
of baryta that had dissolved in form of chloride of barium — 
allow to stand for some time ; filter, and mix the flltrate 
with dilute sulphuric acid. The formation of a precipitate 
indicates the presence of strontia or lime, or of both. 
Filter after some time, and test the precipitate according to 
p. 97 for STRONTIA and lime. Tne Separation by boil- 
mfr the sulphates with sulphate of ammonia suffices for 
ordinary cases ; but in very delicate analyses the nitrates 
must be treated with alcohol and ether, and the residue ex- 
amined in the spectroscope. 

/3. It is formed only qfter some time, Absence of baryta, 166 
presence of strontia. Mtx the remainder of the aqueous 
Solution of the chlorides with a sufficient amount of concen- 
trated Solution of sulphate of ammonia, and boil for some 
time, renewing" the water as it evaporates, and adding am- 
monia to keep the fluid alkaline. Then filter off the sul- 
phate of strontia, and test the filtrate for lime, with Oxa- 
late of ammonia. 

§ 190. 
{Exammationfor Magnesia,) 

To A PORTION OF THE FLUID IN WHICH CARBONATE, SUL- 
PHATE, AND OXALATE OF AMMONIA HAVE FAILED TO PRO- 
DüCE A PRECIPITATE (163) OR OF THE FLUID FILTERED 
FROM THE PRECIPITATE8 FORMED (164), ADD AMMONIA, 
THEN SOME PHOSPHATE OF SODA, AND, SHOULD A PRECIPI- 
TATE NOT AT ONCE FORM, RUB THE INNER 8IDES OF THE 
TEST TUBE WITH A ROD, AND LET THE MIXTURE STAND FOR 
SOME TIME. 

1. No PRECIPITATE IS FORMED: absence of magnesia. Eva- 167 
porate another portion of the fluid to dryness (|)referably in 

the lid of a platinum crucible), and ignite gently. ffa residue 
remainsj treat the remainder of the fluid the same as the sample, 
and examine the residue, which by the moderate ignition to which 
it has been subjected has been freed from ammonia, for potassa 
and soda, according to § 197. Jff'no residue is lej't, this is a proof 
of the absence of the fixied alkalies; pass on at once to § 198. 

2. A CRYSTALLiNE PRECIPITATE IS FORMED: üresence of 168 
MAQNESiA.* As testing for alkalies can proceed witn certainty 

* Phosphate of magnena and ammonia is iovariably orystalline ; if phospbalo of 
soda produces a slight flocoolent precipitate, you are therefore not justified in oon- 
oiüd'mg that magneaift ii preaent. The slight flocculent precipitatei whidi is Iwre 
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only after the removal of magnesia, evaporate the remainder of 
the fluid to dr}iiess, and ignite until all amnioniacal salts are rc- 
moved. Warm the residue with sonie water, add baryta- water 
(prepared from the crystals)* as long* as a precipitate continues to 
form, boil, filter, add to the filtrate a mixture of carbonate of am- 
monia with ammonia in slight excess, heat for some time g^ently, 
filter, evaporate the filtrate to dryness, with addition of some 
Chloride of ammonium (to convert into Chlorides the caustic 
alkalies or alkaline carbonates that may happen to form), ignite 
gently, dissolve in a little water, precipitate it necessary once more 
with ammonia and carbonate of ammonia, filter, evaporate again, 
and if a residue remains, ignite this g'ently, and examme it accord- 
inf^ to § 197, 

§ 197. 
{Examinationfor Potassa and Soda.) 

YOÜ HAVE NOW TO EXAMINE FOR POTASSA AND SODA THE 
OENTLY lONITED RESIDUE*, FREE FROM SALTS OF AMMONIA 
AND ALKALINE EARTH8, WHICH HA8 BEEN OBTAINED IN Iß? 

OR 168. Dissolve it in a little water, filter if necessary, evapo- 
rate until there is only a small quantity of fluid left, and transfer 
one-half of this to a watch-glass, leaving the other half in the 
porcelain dish. 

1. To the one-half in the porcelain dish add, after cooling, 169 
a few dropa of Uchloride of platinum. If a yellow crystalline pre- 
cipitate forms immcdiately, or after some time, potassa is pre- 
sent. Should no precipitate form, evaporate to dryness at a gentle 
heat, and treat the residue with a verv small quantity of water, 

or, if Chlorides alone are present, with a mixture of water and 
alcohol, when the presence of minute traces of potassa will be re- 
vealed by a small quantity of a heavy yellow powder being left 
nndissolved (§ 89, o). In the presence of an iodide the deep 
brown color of the fluid interferes with the detection of potassa 
by bichloride of platinum ; under these circumstances test with 
acid tartrate of soda instead. 

2. To the other half of the fluid (in the watch-glass) add some 170 
antimomUe qf potassa, If this produces at once or after some time 

a crystalline precipitate, soda is present. If, after Standing 
twelve hours, no crystals separate, you may conclude that soda is 
absent. In regard to the crystalline form of the precipitate, and 
the precautionary rules, see § 90, 2. 

Bometimes obtained, consists of pbospbate of alumina. You get it when alamina in 
coDtained in the oru^inal substaDce, and you use too large an excess of ammonia in 
precipitating the third and fourth groups. Its production depends upon the faot 
that phospluite of alumina is far less soluble in ammonia than the hjdrate. Phosphate 
of alamina difi^ra also from phosphate of ammonia anil magnesia by its insolnbility 
in Aoetie acid. If you want to test the precipitate in this manner, it should first be 
filtered o(L From the acetic acid Solution of phosphate of magnesia and ammonia, 
ammonia would throw down the pure salt. 

* Ör thin milk of lime, freed irom every trace of alkali by repeated extraction with 
water, Add it to the warm fluid with stirring tili turmerio-papier is strongly afiBdcrfeed. 
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§ 198. 
(Examination Jbr Ämmania.) 

ThERE REMAINS STILL THE EXAMINATION FOR AMMONIA. 171 

Triturate some of the substance with an excess of hydrate of lime, 
and, if necessarv, a little water. If the escaping gas smells of 
ammonia, if it blues moist red litmus-paper, and forms white fumes 
with hydrochloric acid vapours, brought into contaci with it by 
meansof a glass rod, ammonia is present. The reaction is the 
most sensitive if the trituration is made in a small beaker, and the 
latter covered with a glass plate with a slip of moist turmeric er 
red litmus-paper adhering to the under-side. 

Complex Qmpounds, 

A, 1. SuBSTANCES SOLÜBLE IN WaTER. 
DETECTION OP ACIDS.* 

I. Int?ie Äbsence of Organic Äcids, 

§ 199. 

Consider, in the first place, which are the acids that form with 
the bases found Compounds soluble in water, and let this guide you 
in tlie examination. To students the table givon in Appendix IV. 
will prove of considerable assistance. The following plan of ex- 
amination works best when the acids are combined exclusively with 
alkalies or alkaline earths, it is therefore sometimes advisaule to 
precipitate any heavy metals present by sulpliuretted hydrogen or 
sulphide of ammonium before proceeding. The sulpliides should 
be filtered off and the excess of sulphuretted hydrogen removed 
by boiling, or of sulphide of ammonium by aciditying with hydro- 
chloric acid, boilin«; and filterin<j off the sulphur. It must not be 
forgotten that sulphur, hydrochloric acid, cnromic acid and chloric 
acid cannot be looked for in this fluid, and also that the results of 
the testing for sulphuric and nitric acids will not be so trust- 
worthy. 

1. The ACIDS OF ARSENIC, CARBONIC ACID, SULPHUR COm- 172 

bined with metals or hydrogen, chromic acid, and silicic acid 
will have been usually detected in the examination for bases^ see 
20, 67, & 68. Chromic acid is also easily recognised by the yel- 
low or reddish yollow color of the Solution. If in doubt, test for 
it with acetate of lead andacetic acid (§ 138, 8) or — for very mi- 
nute quantities — with decoction of logn^ood (§ 138, 12). 

2. Add to a portion of the Solution chloride of barium or, if 
lead, silver, or suüoxide of mercury are present, nitrate of baryta, 
and, should the reaction of the fluid be acid^ add anunonia to neu- 
tral or slightly alkaline reaction. 

fl. No PRECIPITATE 18 FORMED : absence of sulphuric 173 
acid; phosphoric acid^ chromic acid^ silicic acid^ oxalio acid, 

* Ckmtult also the ezpUiuttioiiB in iheThird Sectioiu 
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arsenious and arsenic acids, as well as of notable quantities 
of boracic acid and hydrofluoric acid.* Pass on to 175. 

b. A PRBCipiTATB 19 FORMED. Dilute the fluid, and add 174 
hydrochloric acid or, as the case maj be, nitric acid ; if the 
precipitate does not redissolve^ or at least not completely^ 
suLPHURic ACID is present. 
3. Add nitrate of silver to a portion of the Solution. If this 175 
fails to produce a precipitate, test the reaction, and if acid, add to 
the fluia some dilute ammonia, taking- care to add the reagent so 
g-ently and cautiously that the two fluids do not iutermix ; if the 
reaction is alkaline, on the other band, add with the same care 
some dilute nitric acid instead of ammonia, and watch attentively 
whether a precipitatß^ or a cloud will form at the junction of the 
two fluids. 

ö. No PRECIPITATE 18 FORMED AT THE JUNCTION OF 176 
THE TWO FLUIDS, EITHER IMMEDIATELY OR AFTER SOME 

TIME. Pass on to 181 J there is neither chlorine, bromine, 
iodine, cyanogen,t ferro- and ferricyanogen, nor sulphur pre- 
sent ; nor phosphoric acid, arsenic acid, arsenious acid, chro- 
mic acid, silicic acid, oxalic acid 3 nor boracic acid, if the 
Solution was not too dilute. 

b, A PRECIPITATE 18 FORMED. Observc the colourj of it, 177 
then add nitric acid, and shake the mixture. 

a. The precipitate dissolves completely : absence of chlo- 
rine, bromine, iodine, cyanogen, ferro- and ferricyanogen, 
and also of sulphur. Pass on to 181. 

ß. A residue is Irft : chlorine, bromine, iodine, cyano- 178 
gen, ferro- or ferricyanogen may be present; and if the 
residue is black or blackish, hydrosulphuric acid or 
a soluble metallic sulphide. Thepresence of sulphur 
may, if necessary, be readily confirmed, by mixing another 
portion of the Solution with sulphate of copper, or with 
a Solution of oxide of lead in soda. 

aa, Test another portion of the fluid for iodine and sub- 
sequentJy for bromine, by the methods described in § 157. 

Ifb, Test a small portion of the fluid with sesqui- 179 
Chloride of iron for ferrocyanooen ; and, if the color of 
the silver precipitate leads you to suspect the presence of 
FERRiCYANOQEN, test another portion for this latter sub- 
stance with sulphate of iron (freshly prepared, by warm- 
ing wire with dilute sulphuric acid). If the original 
Solution has an alkaline reaction, some hydrochloric acid 
must be added before the addition of the sesquichloride of 
iron^ or of the sulphate of iron. 

* If the Bolation oontaiDS an ammonUcal aalt in somewhat conaiderable proportion, 
the non-fomiation of a precipitate cannot be considered a conclusive proof of the 
abflence of tbese acida, since the bary ta lalte of most of tbem (not the sulphate) are in 
presence of ammoniacal salts more or less soluble in water. 

t That the cyanogen in Cyanide of mercury is not indicated by nitrate of silver hat 
been mentioned (78). 

X Chloride, bromide, Cyanide, ferrocyanide, Oxalate, Silicate, and borate of silver 
are white ; iodide, tribasic phosphate, and arsenite of silver are yellow ; arsenate and 
ferricyanide of tUver «re brownith-red ; Chromate of sUver is purple-red ; sulphide of 
silver black. 

!• T 
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ee, Cyaxooen, if present in form of a simple cjanide 
of an alkali metal soluble in water^ may usnallj be 
readily recognised bj the smeli of hydrocjanic acid 
which tbe suostance emits, and wbicb is rendered more 
stronf^ly preceptible by addition of a little dilute sul- 
phuric acid. if ferrocyanog^n and ferricvanogen are 
absent, cyanogen may be detected by the metkod given in 
§ 155, 6. If tbey are present see § 226. 

dd, Sbonld bromine. iodine, cyanogen, ferrocyanog'en, 180 
ferricyanoi^en, and sulphur not be present, the precipi- 
täte which nitric acid nas ÜEuled to dissolve consists of 
CHLORIDE of silver. 

But where one or other of these bodies is present, a 
special examination for chlorine may become necessary, 
particularly when the quantity of the precipitate does 
not afford a decided indication.* See § 157. 

4. Chlorig acid is known by the yellow color prodaced 181 
wlien a little of the solid substance is brought into contact with 
concentrfltcd sulphuric acid in a watch glass (§ 160). 

5. Nitric ACID is tested for with sulphate of iron and sul- 
phuric acid (§löi)). The presence of certain other acids (chloriCy 
chromic, hydriodic) impedes this reaction. If such acids are present 
they must be destroyed or removed. Chloric acid is destroyed by 
ig-nition (§161, at the end), chromic acid is reduced by solphurous 
acid, the sesqiiioxide of chromium being precipitated aftiarwards with 
ammonia ; hydriodic acid is removed by sulphate of sil?er. 

You have still to test for phosphoric acid, boracic acid, silicic 
acid and oxalic acid, as well as for hydrofluoric acid. 

For the first four acids test only in cases where both chloride 
ö{ barium and nitrate of silver have produced precipitates in neu- 
tral Solutions. Compare also foot note to 173* 

6. Test for phosphoric acid, by adding to a portion of the 182 
fluid ammonia in exccss, then chloride of ammonium and sulphate 

of magnesia (§ 142, 7). Very minute quantities of phospiioric 
acid are detected most readily üy means of molybdic acid (§ 142, 
10). Arsenic acid, if present, must be first separated by sulphu- 
retted hydrogen, the Solution being acidified andkept at 70** during 
the passage of the gas. 

7. To detect oxalic acid and hydrofluoric acid, add 
cliloride of calcium to a fresh portion of the Solution. If the re- 
action of the fluid is acid, add ammonia to alkaline reaction. If 
the chloride of calcium produces a precipitate which is not re- 
dissolved by addition of acetic acid, one or Wh bodies are present. 
Examine now a sample of the original substance for flnorine accord- 
iog to § 146, 5, another sample for oxalic acid accordinsp to § 145, 7. 

8. Acidulate a portion of the fluid slightly with hydrochloric 183 
acid, then test for boracic acid, by means of turmeric paper (§ 144^ 

6). Chloric, chromic, and hydriodic acids impede the reaction. 
If present, they must be removed or destroyed as directed 18L 



* Sappoaing, for iostanoe, the solatioii of nitnfce of mi^nt to Imvo pvodnced » 
oopiouo precipitate iosoloble in nitrio acid, and the tubaequeiii eiamiiMiHon to Imto 
shown mere traoet of iodioe and bromioe, the prtMMe of ohleiipe nagr be Md to be 
JecDonttrated, without reqniiing additionaü pioofl 
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9. Should siLicic AciD not yet have been found in the course 
of testing^ for the bases, acidulate a portion of the fluid with hydro- 
chloric acid, evaporate to dryness, and treat the residue with 
hydrochloric acid (§ löO, 2). 

C&mplex Compounds, 

A, 1. SUBSTANCES SOLUBLE IN WaTER. 
DETECTION OF ACIDS. 

II. In Presenoe of Organio Aeids, 

§ 200. 

1. The examination for the inoroanic acids, includingl84 
oxalic acid, is made in the nianner described § 199. As the tar- 
trates and citrates of baryta and silvcr are insoluble, or at least 
diflicultly soluble in water, tartaric acid and citric acid can be pre- 
sent only in cases where both chloride of barium and ni träte of 
silver have produced precipitates in the neutral fluid; still, in 
drawing a conclusion, you must bear in mind that these salts are 
slightly soluble in Solutions of salts of ammonia. 

Beibre you commence testing for the oroanic acids, you 
must remove all the bases of Croups III. — VI., as described in 
the beginning of § 184, since they might interfere. 

2. Make a portion of the fluid feebly alkaline with ammonia, 185 
add some chloride of ammonium, then a sufficient quantity of 
chloride of calcium, shake vigorously, and let the mixture stand 
from ten to twenty minutes. 

a, No PRECIPITATE 18 FORMED, EVEN AFTER THE LAPSE 

OF SOME TIME. Abseuce of tartaric acid ; pass on to 186* 

b. A PRECIPITATE 18 FORMED, IMMEDIATELY, OR AFTER 

SOME TIME. Filter, and keep the filtrate for Airther ex- 
amination according to 186* Wash the precipitate, digest 
and shake it with Solution of soda, without applying heat, 
then dilute with a little water, filter, and boii the filtrate 
some time. If a precipitate separates, tartaric acid is 
indicated. Filter hot, and test the precipitate with ammonia 
and nitrate of silyer (§ 163, 8). 

3. Mix the fluid in which chloride of calcium has fisiiled to 186 
produce a precipitate, or that which has been filtered from the 
precipitate formed — in which latter case some more chloride of 
calciimi is to be added — with 3 measures of alcohol. 

a. No PRECIPITATE 18 FORMED. Abscuce of citric, malic 187 

and succinic acids. Pass on to 190. 
h. A PRECIPITATE 18 FORMED. Filter aud treat the fil- 188 

träte as directed 190* Treat the precipitate as follows : — 
Wash with alcohol, dissolve on the filter in a little 

dilute hydrochloric acid. add ammonia to the filtrate to 

alkaline reaction-, and boil for some time. 

o. It rbmains clear. Absence of citric acid. Add 
more alcohol, filter off the precipitate, which may contain 
malate and saccinate of lime, wash it a little with alcohol, 
dissolve in a porcelain dish, in a snfficient quantity of 

T 2 



276 COMFLEX OOMPOÜNDS — DETECTION OF ACID6. [§ 200. 

Btrong nitric acid, and evaporate to drjness on the water- 
bath. Succinic acid will remain unchanged, malic acid is 
converted into oxalic acid with evolution of carbonic acid. 
Boil the residue with excess of Solution of carbonate of 
soda^ filter^ neutralize exactly with hydrochloric acid, heat 
to remove carbonic acid, and mix a small portion of the 
fluid with Solution of sulphate of lime. If a white precipi- 
tate is formed of Oxalate of lime, malic acid is indicated. 
If malic acid is indicated prepare some more of the lime 
precipitate, and confirm by testing it according to § 166 ; 
also test for succinic acid hj mixing the rest of the fluid 
with excess of chloride of calcium^ filtering, and adding 
alcohol to the filtrate ; a precipitate indicates succinic 
ACID. If malic acid has not been found, test the rest of 
the neutralized fluid for succinic acid with sesquichloride 
ofiron(§168). 

ß. A HEAVY WHITE PRECIPITATE IS FORMED. Pre- 189 

sence of citric acid. Filter boiling, and test the flitrate 
for malic and succinic acids as in a. To remove all doubt 
whether the precipitate is citrate of lime, redissolve it in 
hjdrochloric acid, lieat, supersaturate a^ain with ammonia, 
and boil ; the precipitate will now be thrown down again. 
(Compare § 164, 3.) 
4. Heat the filtrate of I887 or the fluid in which addition of 190 
alcohol has failed to produce a nrecipitate (187)y to expel the 
alcohol, neutralize exactly with hjdrochloric acid, and add sesqui- 
chloride of iron. If this fails to produce a light brown floccuient 
precipitate, benzoic acid is absent. If a precipitate of the kind is 
formed, filter, and heat the washed precipitate with ammonia in 
excess ; filter, evaporate the filtrate nearly to dryness, and test for 



BENZOIC ACID with hjdrochloric acid {% 169, 2). Benzoic acid 

tne original substance, by 
treating a small portion with dilute hjdrochloric acid, which will 



maj generallj be readilj ' detected in tne original substance, b"^ 



leave tne benzoic acid undissolved; it is then filtered off and 
heated on platinum foil (§ 169, 1). 

ö. Evaporate a portion of the Solution to drjness — if acid, 191 
after previous Saturation with soda — introduce the residue or a 
portion of the original drj substance into a test 'tube, pour some 
alcohol over it, add about an equal volume of concentrated sul- 
phuric acid, and heat to boiling. Evolution of the odor of acetic 
ether demonstrates the presence of acetic acid. This odor is 
rendered more distinctlj perceptible bj shaking the cooling or 
cold mixture. 

6. Test for formic acid bj just acidifying a portion with 192 
hjdrochloric acid (if not acid alreaaj), adding chloride of mercury 
and heating. A white turbiditj firom the Separation of subchloride 
of mercurj indicates formic acid (§ 172, 6). Confirm bj nitrate of 
silver and bj nitrate of suboxide of mercurj {§ 173).* 

* In the presence of ohromic or ohloric Acid the reduction of tM silver aod mer- 
oory doee not Uke pUoe. If chromio acid is present, mix the original sointion with 
sulphuric acid, add excess of oxide of lead, and shske, filter, mix the filtrate with 
excess of dilute sulphuric acid and distil. Test the distillate as above. If düorie 
meid is present^ combine the acids with oxide of lead, alMl treat with aloohol ; tiM 
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Complex Compounds, 

A, 2. SUBSTANCES INSOLUBLB IN WaTER, BUT 80LUBLB IK 

Hydrochloric Acid, Nitric Acid, or Nitro-hydro- 
CHLORic Acid. 

DETECTION OF THE ACIDS. 

I. In Absenee qf Organic Äeids, 

§201. 

In the examination of these Compounds attention must be 
directed to all acids, with the exception of chloric acid. Cyanogen 
Compounds and Silicates are not examined by tbis metbod. (Com- 
pare § 204 and § 205.) 

1. Carbonic ACID, 8ÜLPHUR (in tbe form of metallic sul- 193 

pbides), ARSENTOUS ACID, ARSENIC ACID and CHROMIC ACID, if 

present, bave been found already in tbe eiamination for bases; ni- 
tric ACID, if present, bas been detected in tbe preliminary exami- 
nation, by tbe ignition in a glass tube (8)« 

2. Mix a sample of tbe substance witb 4 parts of pure carbon- 194 
ate of soda and potassa, and, sbould a metallic sulpbidfe be present, 
add some nitrate of soda ; fuse tbe mixture in a platinum crucible 

if tbere are no reducible metallic oxides present, in a porcelain cru- 
cible if sucb Oxides are present ; boil tbe fused mass witb water, and 
add a little nitric acid, leaving tbe reaction of tbe fluid, bowever, still 
alkaline ; beat again, filter, and proceed witb tbe filtrate according 
to § 199.* 

d. As tbe pbospbates of tbe alkaline eartbs are only incom- 195 
pletely decomposed by fdsion with carbonate of soda and potassa, 
it is always advisable m cases where alkaline eartbs are present, and 
phosphoric acid -has not yet been detected, to dissolve a fresh sam- 
ple of the substance in nitric acid, and test for phosphoric acid 
witb Solution of molybdic acid {§ 142, 10). In tbe presence of 
silicic or arsenic acid, prepare a Solution with hydrochloric acid, se- 
parate these acids, add nitric acid, evaporate nearly to dryness, 
oilute witb water containing nitric acid and then test witb molyb- 
date of ammonia. 

4. If in the examination for bases, alkaline eartbs bave been 
found, it is also advisable to test a separate portion for fluor- 
ine, by §146, 6. 

5. That portion of the substance which has been treated as 196 
directed in 194» can be tested for silicic acid only in cases where 
the fiision has oeen efPected in a platinum crucible ; when a por- 
celain crucible has been used, examine a separate portion by evapo- 
rating the hydrochloric or nitric acid Solution (§ 150, 8). 

6. Examine a separate portion of the substance for oxalic 
ACID by boiling with carbonate of soda, see 198* Acidify the alka- 

fonoAte ia insoliible, tha chlorata soluble. If tarttrio acid is present it will also be 
safer to mix tho>fluid with dilute salphorio acid aod distil off the forinio acid. 

* In the presence of a metallio sulpbide, a separate portion of it mnst be examined 
Ibr snlnhnrio add, by heating it with hydrochloric acid, filtering, diiuting tha filtKa.<ut^ 
aod aading chloride of barium. 
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line fil träte with acetic acid and test with Solution of sulpbate of lime. 
Jf a pulverulent precipitate is formed, this indicates oxalic acid. 
Confirm by taking a fresh portion of the substance, removing car- 
bonic acid if necessary by dilute sulpburic acid^ and then tesüng 
according to § 145, 7. 

Complex Compounds, 

A, 2. SüBSTANCES INSOLÜBLE IN WaTER, BUT SOLUBLE IN 

Hydrochloric Acid, Nitric Acid, or Nitro-hydro- 
CHLORic Acid. 

DETECTION OF THE ACIDS. 

II. In Presence qf Organic Acids, 

§202. 

1. Conduct tbe examination for inorqanic acids according to 197 
§201. 

2. Test for acetic acid as directed § 171, 7. 

3. To a small portion of tbe substance in a watch glass add a 
little dilute bydrochloric acid. If a residue remains, this sbould be 
tested for benzoic acid by beating. Any considerable quantity 
of this acid is most readily detected in this way, but a small quan- 
tity might completely dissolve, it is therefore necessary to recur to 
this acid in 198. 

4. Boil a portion of the substance for a few minutes with a 198 
large excess of Solution of carbonate of soda, adding some of the 
solid if the Solution is not strong, and filter. You will now have 

all the organic acids in the filtrate as soda salts. Evaporate the 
filtrate to concentrate it, acidify with hydrochloric acid, heat to 
drive off carbonic acid and proceed according to 185. • If any 
heavy metals have passed into Solution through the agency of 
organic acids, these must first be removed by hydrosulphuric acid 
or sulphide of ammonium^ 

Complex Compounds, 

B. SüBSTANCES IN80LUBLE OR SPARINOLY SOLUBLE IN WaTER, 

Hydrochloric Acid, Nitric Acid and Nitro-hydro- 
CHLORic Acid. 

DETECTION OF THE BASES, ACIDS, AND NON-METALLIC ELEMENTS. 

§ 203.* 

To this class belong the following bodies. 199 

SULPHATE OF BARYTA, 8ULPHATE OF STRONTIA, and SÜL- 
PHATE OF LIME.f 

SüLPHATE OF LEADt aud CHLORIDE OF LEAD.§ 

* Compare the notas in the Third Section. 

f Sulphate of lime pusee partially into the iolation effeeted by water, and often 
completely into that effect^ by addt. 

X Sulphate cf lead may paas oompletdy into the aolniion effeeted by acids. 

1 Chluride of lead oan here only be found if the predpitate iniolable in adda hai 
not heoD tboroughlj waahed with hot water. 
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Chloride of silver, bromide of silver, iodide of rilver, 
cj'anide of silver,* ferro- and ferricyanide of silver.f 

SiLicic ACiD and many Silicates. 

Native and ignited alumina, and many aluminates. 

Ignited eesquioxide of chromium and chromic ihon (a Com- 
pound of sesquioxide of chromium and protoxide of iron). 

Ignited and native binoxide of tin (tin-stone). 

Some metaphosphates and some arsenates. 

Fluoride of calcium and a few other Compounds offluorine. 

SULPHUR. 
CaRBONACEOUS MATTER. 

Of these Compounds those printed in small capitals are more 
frequently met vrith. As the Silicates perform a highly important 
part in mineral analysis, a special chapter (§§ 20ö — ^208) is aevoted 
to them. 

The substance is in the first place subjected to the preliminary 
experiments described in a — e, unless the quantity at disposal is 
too small^ vrhen you at once pass on to 205? bearing' in mind^ 
however, that the substance may contain all the aforesaid bodies. 

a. Examine attentively the physical condition of the residue, 200 
to ascertain vrhether it is nomogeneous or not, whether it is sandy 
or pulverulent, whether it has the same colour throughout, oris 
made up of variously-colored particles, &c. A microscope, or even 
H lens, will be found very useful for this purpose. 

h, Heat a small sample in a glass tube sealed at one end. If 201 
brown fiimes arise, and sülphur sublimes, this is of course a proof 
of the presence of that substance. 

c. If the substance is black, this indicates, in most cases, the 202 
presence of carbonaceous matter (charcoal, coal, bone blaok, 
lamp black, jgraphite, &c.). Heat a small sample on platinum- 

foil over the blowpipe flame ; if the black substance is consumed, 
it consisted of carbon in some shape or other. Graphite (which 
may be readily recognised by its property of commuuicatins' its 
color to the fingers, to paper, &c.) requires the aid of oxygen ior its 
combustion. 

d. Heat a small sample, with a small lump of Cyanide of potas- 203 
sium and some water, for some time, filter, and test the nltrate 
with sulphide of ammonium. A brownish black precipitate indi- 
cates SILVER. 

e. If an undissolved residue has been left in ä, wash this 204 
thoroughly with water, and if white, moisten it with sulphide of 
ammonium ; if it tums black, salts of lead are present. If, how- 
ever, the residue left in d is black, heat it with some acetate of 
ammonia, adding a few drops of acetic acid, filter, and test the fil träte 

for LEAD, by means of sulphuric acid and hydrosulphuric acid.t 

* Broimde, iodide, and Cyanide of silver are decompdied by boillqg with nitro- 
hydrochloric acid, and oonvertod into cbloride of silver ; tbey can accordingly be lound 
here only in caaee where the Operator haa to deal with a substance which — as nitro» 
hydrochloric acid has failed to effect its Solution— is ezamined direotly by the method 
dsacribed here. 

t With regard to the ezamination of these oomponnds, oompare also i 204. 

X The preseDoe of lead in lUioftteB, e^. in glass, cannot be deteotsd by this 
method. 
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The results obtained by these preliminary experiments serre as 
a giiide in the foUowing' course. 

1; a. Salts of lead are not present. Pass on to 206- 205 
b. Salts of lead are present. Heat the substanoe re- 
peatedly with a concentrated Solution of acetate of ammonia 
until the salt of lead is completelj dissolved out. Test a 
portion of the filtrate for chlorine, another for sülphüric 
ACiD, and the remainder for lead, by addition of sulphuric 
acid in excess, and by hydrosulphuric acid. Tf acetate of 
ammonia has left a residue, wash this^ and treat it as 
directed in 206. 

2, a. Salts of silver are not present. Pass on to 207* 206 
b. Salts of silver are present. Digest the substance 
free from lead repeatedly with Cyanide of potassium and 
water, at a gentle heat (in presence of sulphur, in the cold), 
until all the salt of silver is removed. If a residue is left, wash 
this, and proceed with it according to 207' Of the Jiltratey 
which contains Cyanide of potassium, mix the larger portion 
with sulphide of ammonium, to precipitate the silver. Wash 
the precipitated sulphide of silver, then dissolve in nitric 
acid, dilute the Solution, and add hydrochlorio acid, to asoer« 
tain whether the precipitate really consisted of sulphide of 
silver. Test another small portion of the filtrate lor sul« 

PHÜRIC ACID.* 
3, a. SüLPHUR IS NOT PRESENT. PaSS OU tO 208« 207 

b. SuLPHUR IS PRESENT. Heat the substance free firom 
silver and lead in a covered porcelain crucible until all the 
sulphur is expelled, and if a residue is left^ treat this accord- 
ing to 208. 
4. Mix the substance free from silver, lead, and sulphur with 208 
2 parts of carbonate of soda, 2 parts of carbonate of potassa, and 
1 part of nitrate of potassa,t heat in a platinum cruciple until the 
mass is in a State of calm fiision, place the red-hot crucible on a 
thick cold iron plate, and let it cool. By this means you will 
generally succeea in removing the fused mass from the crucible in 
a cake. Soak the mass now in water, boil, filter, and wash the 
residue until Chloride of barium no longer produces a precipi- 
tate in the washings. (Add only the first washings to toe 
filtrate.) 

a. The Solution so obtained contains the acids which were 209 
present in the substance decomposed by fusing. But it may, 
üesides these acids, contain also such bases as aresolublein 
caustic alkalies. Proceed as follows : — 

a. Test a small portion for sulphuric acid. 

ß. Test another portion (after acidifying with nitric acid) 

* As the carbonate of potaasa oontained in the Cyanide of potassium may have pro- 
duced a total or partial decomposition of sulphates of the alkaline earths. 

t Addition of nitrate of potaasa is usefal even in the case of white powders, aa ii 
counteracts the injuriouR action of Silicate of lead, should any be present, upon tfaa 
platinum crucible. In the case of black powders the projportion of nitrate of potassa 
must be oorrespondingly inoreased, in oraer that oarbon, if present» may be oonsomed 
as oompletely as possible^ and that any ohromio iron present may be more 
thoroughly decomposed. 
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with molybdic acid for phosphoric acid and arsenic 
AciD (§ 142, 10^. If a yellow precipitate forms, test for 
arsenic acid with sulphoretted hjdrogen and remove it by 
the same means if present, separate silicic acid if present, 
and then test again for phosphoric acid. 
y. Test another portion for flüorine (§ 146, 7), 
h, If the Solution is yellow, chromic actd is presen • 
To confirm, acidify a portion of the Solution with acetic 
acid, and test with acetate of lead. 

€. Acidify the remainder with hydrochloric acid, evapo- 210 
rate to dryness. and treat the residue with hydrochloric acid 
and water. It a residue is left which refiises to dissolve 
even in boilin^ water, this consists of silicic acid. Test 
the hydrochloric acid Solution now in the usual way for 
those bases which, being soluble in caustic alkalies, may be 
present. 

b, Dissolve the residue leß in 208 ^^ hjy^drochloric acid 211 
(effervescence indicates the presence of alkaline earths — a 
residue insoluble in hydrochloric acid would have to be ex- 
amined according; to § ISO, 8, as it might be binoxide of 
tin), and test the Solution for the bases as directed in § 190. 
(If much silicic acid has been found in 210? it is advisable to 
evaporate the Solution of the residue to dryness, and to treat 
with hydrochloric acid and water, in order that the silicic acid 
remaining may also be removed as completely as possible.) 

5. If you have found in 4 that the residue insoluble in acids 212 
contains a Silicate, treat a separate portion of it according to 228; 

to ascertain whether this Silicate contains alkalies. 

6. If a residue is still left undissolved upon treating the residue 213 
left in 208 with hydrochloric acid (211) , this may consist either 

of silicic acid which has separated, or of an undecomposed portion 
of sulphate of baryta; it may, however, also be fluoride of calcium, 
and if it is dark coloured, chromic iron, as the last-named two 
Compounds are only with difficulty decomposed by the method given 
in 208* As to fluoride of calcium, it may be easily decomposed by 
sulphuric acid. Chromic iron is best treated as foUows : — Fuse 
12 parts of bisulphate of potassa and project 1 part of the linely 

Eowdered mineral intothe crucible, stir often and keep up the heat for 
alf an hour, first gently, then raising it tili the second equivalent 
of sulphuric acid is driven off. Add 6 parts of carbonate of soda, 
fuse, add fj^adually 6 parts of nitrate of potassa and after some 
lime increase the heat, stirring diligently with a platinum wire. 
Finally allow to cool and boil with water. 

7. If the residue insoluble in acids contained silver, you have 214 
still to ascertain whether that metal was present in the ori^nal 
substance as chloride, bromide, iodide, <fec., or whethef it has been 
converted into the form of chloride by the treatment employed to 
effect the Solution of the original substance. For that purpose 
treat a portion of the original substance with boilin^ water until 

the soluble part is completely removed ; then treat tne residuary 
portion in the same way with dilute nitric acid, wash the undis- 
solved residue with water, and test a small sample of it for silver 
acoording to 203* If sUfrer is present, proceed tA «acetVaan^^^wi^X« 
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radical with whicfa tbe metal ig combined ; tliis may easilj be^ffected 
hj boiling the remainder of the residue with rather dilute Solu- 
tion of soda, filterinp^; and tesdng tbe filtrate, after acidifying it, 
f br ferro- and ferricyanogen. Digest the wasbed residue now with 
finelj granulated zmc and water, with addition of some sulphuric 
acid, and filter after the lapse of ten minutes. You may now at once 
test the filtrate for chlorine, bromine. iodine, and cyanogen ; or 
you may first tlirow down the zinc with carbonate of soda, in arder 
to obtain the salt-radicals in combination with sodium. 



SECTION II. 

PRACTICAL COÜESE IN PARTICULAR CASE8. 
I. AnALYSIS of CyANIDES, FeRROCYANIDES, etc., INSOLUBLE 

IN Water, and also of hixed Substances containino 
SUCH Compounds.* 

§204. 

The analysis of ferrocyanides, ferricyanides, &c., by the com- 215 
mon method is often attended by the manifestation of such anoma- 
lous reactions as easily to mislead the analyst. Moreover, acids 
often fail to effect the complete Solution of these Compounds. 
For these reasons it is advisable to analyze them, and mixtures con- 
tainingthem, by the following special method : — 

1. Treat the substance with water until the soluble parte are 
entirely removed, and boil the residue with stronff Solution of po- 
tassa or soda ; after a few minutes' ebullition add some carbonate 
of soda, and boil again for some time y filter, should a residue r^ 
main, and wash the latter. 

a, The residue which is now free from cyanogen, (unless 21B 
the substance contains Cyanide of silver,) is examined by the 
common method, beginnmg at 35* 

b, The Solution, which, if combinations of Compound cya- 217 
nogen radicals (ferrocyanogen, cobalticyanogen, <6;c.), are 
present, contains these combined with alkali metals, may also 
contain other acids, which have been separated from their 
bases by boiling with carbonate of soda, and lastly also, such 
Oxides as are soluble in caustic alkalies. Treat it as foUows— - 

a. Mix the alkaline fluid with hydrosulphuric acid, to test 2TB 
for metals of the fourth and fifth groups.f 

aa, 'No permanent precipitate is forma, Absence of zinc 
and lead. Pass on to 219« 

* Compare tbe notas in the Tbird Section. 

t Tou rousty of ooune, avoid addiDg Solution of hjdroeulphuric add, or eon- 
docting hydrosulphuric acid gas into the fluid, uutil the mixture smells of ib« nifiBt 
(acoordingly, until all the a&ali preaent has becn oouTerted into hydrotolpbate «f 
■ulpbide of alkali metal), nnce thit might lead to tbe precipitation also of tbe alnmioa 
whioh may be present in tbe alkaline Solution, and even of solphidit of meteb of the 
mxth groap — m precipitation whioh hi Aot taitended here. 
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hb, A permanent precipitate iafarmed. Add to the fluid a 
little yellow sulphide of sodium, drop bj drop, until the 
metals of the fourth and üfth groups presentin the alkaline 
Solution are just thrown down, heat moderately, filter, and 
treat the fil träte as directed 219- Bissolve the washed 
precipitate in nitric acid, which may leave sulphide of 
mercury behind^ and examine the Solution for copper and 
lead, as well as for zinc and other metals of the fourth 
group, which may, in the same way as copper, have 
passed into the alkaline Solution, by the agency of organio 
matters. 

ß, To test the alkaline fluid, which now also contains some 219 
sulphide of an alkali metal, for mercury (which may be pre- 
sent, as its sulphide is soluble in sulphide of potassium) and 
for metals of tue sixth group, mix with a sufiicient quantity 
of water, then with dimte sulphuric acid to acid reactiöa, 
and if the fluid does not smell strongly of hydrosulphirric 
acid, add some more of the latter reagent. 

aa, No precipitate isformed, Absence of mercury and 
the Oxides of the sixth group. Pass on to 220- 

hh, Ä precipitate isformed, Filter, wash the precipitate, 
then examine it for mercury and the metals of the sixth 
group according to § 191. 

y. The fluid, acidifled with sulphuric acid, may still con- 220 
tain those metals which in combination with cyanogen form 
Compound radicals (iron, cobalt, manganeso, chromium), 
and, besides these, also alumina. You have to test it also for 
cyanogen, ferrocyanogen, cobalticyanogen, <6;c., and for 
other acids. Divide it therefore into two parts, aa and hb, 
aa, Treat it according to § 199 or, as the case may be, 
§ 200 to detect the acids.* (Cobalticyanogen may be re- 
cognised by giving a greenish precipitate with nickel salts 
and white precipitates with zinc and manganese salts, 
which may t>e proved to contain cobalt by means of the 
borax beaJd.) 

Ib, Evaporate it nearly to dryness, add some pure con- 

centratod sulphuric acid and heat tili the free acid is for 

the most part expelled. Dissolve the residue in water and 

test the Solution for iron, manganese, cobalt, alumina, 

and sesquioxide of chromium according to § 194. 

2. Decompose another portiön by continued heating with pure 

concentrated sulphuric acid, remove all other bases and then test 

for alkalies. 

II. Analysis of Silicates. 

§206. 

Whether the substance is a Silicate or contains one, is ascer- 221 
tained by the preliminary examination with phosphate of soda and 
ammonia before the blowpipe ; since in the process of iusion the 

* It most be remembered that femcyanogen may have been oooverted inio ferro- 
«gr»iMgMi by the oxkUtion of eeruun biiMs, 4o., that :— Gy« Ftg, 8 K 4- KO; &0 
+2 Fe 0=2 (Cy, Fe^ 2 K) + Fe, O. + HO. 
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metallic oxides diMoIve, whilst the wpanted sUcie seid floate aboBt 
in the liquid bead as a translucent swollen maas (§ 150, 8). 

The analjsis of Silicates difien, strictlT wpemking^ hom the 
common coorae only in so fiir as the preparatorj treatment ia eon- 
cemedy which is required to separate thesilicicacidfrom tlie bases, 
and to obtain the latter in Solution. 

The Silicates and double Silicates are dirided into two fliwrt^ 
which require different methods of analysis; rix., (1) siUcatef 
readily decomposable by acids (hjdrochloric acid, nitric add, sol- 
phuric acid), and (2) Silicates which are not, or onlr with difficoItTy 
decomposed bj acids. Many rocks consist of mixturea of the two 
classes of Silicates. 

To ascertain to which class a giren Silicate belonga^ redoce it 
to a very fine powder, and digest a portion with hydrochlorie add 
at a temperature near the boiling-point. If this fidls to decom- 
pose ity try another portion by long-continuedheating'with a mix* 
ture of three parts of concentrated sulphuric acid and 1 part of 
water. If this also fails, the Silicate belongs to the second clasi. 
Whether decomposition has been effected by the acid or not, 
may generally be leamed from extemal indications, as a colored 
Solution forms almost invariably, and the separated gelatinous, 
flocculent, or finely-pulverulent hydrate of silicic acid takes the 
place of the original heavy powder which grated under the glass 
rod with which it was stirred. But whemer the decomposition 
is complete, or extends only to one of the components of the rock, 
may 1^ ascertained by boilin^ the separatea hydrate of silicic 
acid, afler washing, in a Solution of carbonate of soda. If per« 
fect Solution ensues, complete decomposition has been efifected; 
if not, the decomposition is only partial. The results of these pe- 
liminary tests will show whether the Silicate should be examined 
according to § 206, or § 207, or § 208. 

Before proceeding Äirther, examine a portion of the substance 
also for water, by heating it in a glass tube. If the substance 
contains hygroscopic moisture, it must first be dried at 100^ fbr 
a long time. Appiy a ^entle heat at first, but ultimately an in- 
tense heat ; you may also conveniently combine with tliis a pre- 
liminary examination for fluorine (§ 146, 8). 

A. Silicates decomposable by Acids. 

§206. 

a. Silicates decomposable by hydrocihlorie or nitric aeid.* 

1. Digest the finely pulverized Silicate with hydrochlorie acid at 222 
a temperature near the ooiling-point, until complete decomposition 
is effected, filter off a small portion of the fluid, evaporate the re- 
mainder, together with the silicic acid suspended therein, to dry- 
nes8, heat the residue at 100^ (scarcely above) with constant stir« 
ring, until hardly any more hydrochlorie acid fumes escape, allow 
to cool, meisten with nydrochloric acid or, as the case may be, with 
nitric acid, afterwards add a little water, and heat gently for some 
time. 

* Nitrio add !■ prefanble to hydrodilorio «cid wfaara oompoiuidi of dlrer or Imd 
arepretent 
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This Operation efiPects the Separation of the silicic acid, and the 
Solution 01 the bases in the form of chlorides or nitrates. Filter, wash 
the residue thoroughlj, and examine the Solution bj the common 
method, beginning* at § 189, II. or III. The residual silicic acid must 
alwajs be tested, as it cannot under anj circumstances be considered 
pure. It frequentlj contains titanic acid, occasionallj sulphate of 
oar^ta, possibly also sulphate of strontia, and often a nttle alumina. 
It IS best tested bj repeated heating* in a platinum dish with 
Ljdrofluoric and sulphuric acids, until all the silicic acid is removed 
in the form of fluoride of Silicon. The residue is i^ited, fused 
with bisulphate of potassa and then treated with cold water. If 
anything insoluble now remains, it is filtered off and tested accord- 
ing to § 99 for sulphate of baryta (and strontia). The dilute 
aqueous Solution is tested bj long boiling for Titanic acid* 
(§ 104, 9), and the iiltrate thererrom is tested bj ammonia for 
ALUMINA. (Should there be anj chance of the presence of 
Chloride of silver in the silicic acid, digest a portion witn ammonia, 
filter and examine the iiltrate hy supersaturation with nitric acid.) 

2. As in Silicates, and more particularlj in those decomposed 223 
by hydrochloric acid, there are orten found other acids, as well as 
metalloids, the following observations and instructions must be 
attended to, that none of these substances may be overlooked : — 
a. Carbon AT ES are detected in the process of treating 
with hydrochloric acid. Sulphides are often detected in 
the same Operation, otherwlse they are tested for according 
to § 1Ö6, 8. 

ß, If the separated silicic acid is black, and turns white 
upon ignition in the air, this indicates the presence of 
CARBON or of OROANic SUBSTANCES. In preseuce of the 
latter, the Silicates emit an empyreumatic odor upon being 
heated in the glass tube. 

y. Test the portion of the hydrochloric acid Solution filtered 
off before evaporating for sulphuric acid, phosphoric 
ACID, and ARS E NIC ACID — for sulphuric acid by diluting 
and adding chloride of barium; for.arsenic acid oy heating 
the Solution to 70° and conductin^ sulphuretted hydrogen 
into it; for phosphoric acid by adding nitric acid, evapo- 
rating to dryness on the water-bath, warming the residue 
with nitric acid, filtering and adding molybdate of ammonia. 
Where arsenic is found, phosphoric acid is tested for in the fluid 
filtered from the sulphide ot arsenic. 

ö. BoRACic ACID is best detected by fusing a portion of 224 
the substance in a platinum spoon with carbonate oi soda and 

* If the silicic acid has been separated by evaporation on the water-bath, only a 
small part of the titanic acid will be found remaining with it, the rest will pass into 
the hydrochloric acid Solution and will be precipitated by ammonia in conjunction with 
the sesquioxide of iron and alumina. To find this, fuse the dried precipitate with 
bisulphate of potassa, dissolve the fusion in cold water, filter if neceswy, dilute ood- 
siderably, pass sulphuretted hydrogen until all the sesquioxide of iron is reduoed, 
and (without filtering off the sulphur) keep the fluid boiiing for half an hour with » 
constant current of carbonic acid passing through it. Filter, wash and ignite ; the 
sulphur will burn off, the titanic acid will remain. Should it still contain iron, redia-r 
Bolve it by fusion with bisulphate of poiuuk and treatment'with oold water, and pre- 
cipitate by boiling with hyposolphite of toda. 
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potassa, boiling: the fused mass with water^ and testing the 
Solution by § 144, 6. 

e. With many Silicates, boiling with water is sufficient to 
dissolve the Chlorides present, which maj then be readilj 
detected in the filtrate by nitrate of silver ; the safest way. 
however, is to dissolve the mineral in dilute nitric acid, and 
test the Solution with nitrate of silver. 

(. Fluorides, which often occur in Silicates in greater or 
smaller proportion, are detected by § 146, 6. 

b, Silieaies which resist the acticn of hydrocMoric aeid, but are de» 
eamposed by eoncentrated sulphuric acid, 

Heat the finely pulverized mineral with a mixture of 3 parte 225 
of eoncentrated pure sulphuric acid and 1 part of water (best in a 
platinum dish), nnally drive off the sfreater portion of the sulphuric 
acid, boil the residue with hydrochloric acid, dilute, filter, and 
treat the filtrate as directed § 190 ; and the residue, which, besides 
the separated silicic acid, may contain also sulphates of the alka- 
line earths, <S;c., as directed § 206, 1. If you wish to examine 
Silicates of this class for acids and sah radicals, treat a separate 
portion of the substance according* to § 20?. 

B. Silicates which are not decomposed bt Acids.* 

§207. 

As the Silicates of this class are most conveniently decomposed 226 
by insion with carbonate of soda and potassa, the portion so 
treated cannot, of course, be examined for alkalies. The analy- 
tical process is therefore divided into two principal parts, a portion 
of the mineral being examined for the silicic acid and the bases, 
with the exception of the alkalies, whilst another portion is spe- 
cially examined for the latter. The mineral must also be examined 
for other acids. 

1. Deteetian oj the silicic acid and the bases, with the exception qf 
the alkalies, 

Reduce the mineral to a very fine powder, mix this with 4 227 
parts of carbonate of soda and potassa, and heat the mixture in a 
platinum crucible over a gas or Berzelius spirit-lamp until the 
mass is in a State of calm nision. Place the red-hot crucible on a 
thick cold iron plate, and let it cool there : this will ^nerally 
enable you to remove the fused cake from the crucible, in whicn 
case break the mass to pieces, and keep a portion for the exami- 
nation for acids. Put the remainder, or, if the mass still adheres 
to the crucible, the latter with its contents into a porcelain dish. 
pour water over it, add hydrochloric acid. and heat genüy until 
tlie mass is dissolved, with the exception ot the silicic acid, which 

* 1% will be iindentood, from what has been stated § 205, that ihete are noi 
dMompeaed bj beating witb bydrochloric aoid and sulpburic acid in open veeiala ; 
Wt by beating theoi, rednoed to a fine powder, in a sealed glaas tobe, witb a miztoi« 
oi Z parte of eoncentrated salpbario acid and 1 part of water, or witb bydroeblpric 
add, to 200* — 210*, nif^i^ of tbem are de^pmpoaed, njid m^j aoo^H'dingly be analjMd 
aleo in thia manner (Al. MnaoHXBUOH). 
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separates in flakes. Remove the cnicible from the dish if necessary, 
evaporate to dryness, and treat the residue as directed 228- 

2. Deteetion of the alkalies, 

To effect tliis the Silicate must be decomposed by means of 228 
a substance free from alkalies. Hydrofluoric acid or a metallic 
iluoride answers this purpose best; but fusion with hydrate of 
baryta will also answer the purpose. 

fl. DeCOMPOSITIüN by means of A metallic FLUO- 
RIDE. — Mix 1 part of the very finely pulverized minend with 
5 parts of fluonde of barium, or pure, finely pulverized 
fluoride of calcium, or with 3 parts of iluoride of ammonium, 
stir the mixture in a platinum crucible with concentrated 
sulphuric acid to a thickish paste, and heat gently for some 
time in a place where the fumes will be well carried away ; 
finally heat a little more strongly, until the excess of sulphuric 
acid is completely expelled. Bou the residue with water, add 
Chloride of oarium cautiously as long as a precipitate continues 
to form, then baryta- water to alkaline reaction, boil, filter, 
mix with carbonate of ammonia and some ammonia as long 
as a precipitate forms, and proceed as directed 168. 

b, DeCOMPOSITION by means of HYDRATE OF BARYTA.—. 229 

Mix 1 part of the very finely pulverized substance with 4 
parts of hydrate of baryta, expose the mixture for half an 
liour in a platinum crucible to the strengest possible heat of a 
good Berzelius or gas-lamp, and treat the iused or agglutinated 
mass with hydrocnloric acid and water until all the bases are 
dissolved; precipitate with ammonia and carbonate of am- 
monia, filter, evaporate to dryness, ignite, dissolve the residue 
in water, add a little pure lime, boil, filter, precipitate again 
with ammonia and carbonate of ammonia, filter, evaporate, 
ignite, and test the residue for potassa and soda as directed 
§ 197. 

3. ExamiruUumforJluorme, ehlarine, baraeieaeid, pkagphorie aeid, 
arsenic acidy and sulphuric acid. 

Use for this purpose the portion of the fused mass resenred in 230 
227t or, if necessary, fuse a separate portion of the finely pul- 
verized substance with 4 parts of pure carbonate of soda and 
potassa until the mass flows calmly; boil the fused mass with 
water, filter the Solution, which contains all the fluorine as fluoride 
of sodium, all the chlorine as chloride of sodium, all the boracic 
acid as berate, all the sulphuric acid as sulphate, all the arsenic 
acid as arsenate, and at least part of the phosphoric acid as phos* 
phate of soda, and treat as follows : — 

a. Acidify a small portion with nitric acid, and test for 
CHLORiNE with nitrate of silver. 

h, Test another portion for boracic acid as directed 
§ 144, 6. 

e. To detect fluorinb, treat a third portion as directed 
S 146, 7. 

d. Acidify the remainder with hydrochioric acid and test a 
■mall portion with chloride of barium for sulphuric acid; 
heat the remainder to 7(fy BXkd test witb hydrosulphuric add 
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for AR8ENIC ACiD. If no precipitate forms^ evaporate tfce 
fluid; if a precipitate forms, the filtrate, with addition of nitrie 
acid, to drynessy treat the residue with nitrie acid and water, 
and examine the Solution for phosphoric acid with solpliate 
of magnesia, or with moljbdate of ammonia (§ 142). 

C. Silicates which are partiallt decomposed bt Acim. 

§208. 

Most rocks are mixtures of several Silicates, of which some are 231 
oilen (lecoini)osable bj acids, others not. If such substances were 
analyzed by the same method as the absolutely insoluble Silicates, 
the analyst would indeed detect all the elements present, bat the 
analysis would afFord no satisfactory insight into the actual com* 
Position of the mineral. 

It is therefore advisable to examine separately those consti- 
tuents which show a different deportment with acids. For this 
purpose digest the very finely pulverized substance for some time 
witu hydrochloric acid at a gentle heat, filter off a small portion of 
the Solution, evaporate the remainder with the residue to dryness, 
heat the residue at 100° (scarcely above), with stirring, until no 
more, or very little hydrochloric acid vapor is evolvea, allow to 
cool, moisten with hydrochloric acid, heat gently with water, and 
filter. 

The filtrate contains the bases of that part of the mixed 
mineral which has been decomposed by hydrochloric acid; 
examine this as directed 222- Examine the portion first filtered 
off as directed 223» y> Test portions of the original substance for 
other acids as directed 223 a & ß and 224* Boil the residue — 
which, besides the silicic acid separated ftom the decomposed 
portion of the Silicate, contains that part of tlie mixed mineral 
which has resisted the action of the nvdrochloric acid — with an 
excess of Solution of carbonate of soda, filter bot, and wash, first . 
with bot Solution of carbonate of soda, finally with boiling water. 
Treat the residuary undecomposed part of the mineral, thus fireed 
from the admixed separated silicic acid, according to § 20?. 
Acidify the alkaline filtrate with hydrochloric acid, evaporate to 
dryness, treat with hydrochloric acid and water, filter off tlie silicic 
acid, render the filtrate alkaline with ammonia and warm ; the 
precipitate thus formed (if any) is to be treated with the separated 
silicic acid according to 222? in order to detect titanic acid. In 
cases where it is of no interest to effect the Separation of the silicic 
acid of the part decomposed by acids, you may omit the trouble- 
some Operation with carbonate of soda, and may proceed at once 
to the decomposition of the residue. 

III. Analysis of Natural Waters. 

§209. 

In the examination of natural waters the analytical process is 232 
simplified by the circumstance that we know from experience what 
substances are usually present. Now^ although a quantitauve 
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analysis alone can properly inform us of the trne character of a 
water, since the dinerences between waters are principally caused 
by the difPerent proportions of the constituents ; still a qualitative 
analysis may render very good Service, especially if the anaiysl 
notes whether a reagent produces a faint or a distinctly marked 
turbidity, a slight or a copious precipitate; since these circum- 
stances will enable him to make an approximate estimation of the 
relative proportions of the constituents. 

I separate here the analysis of ordinary drinking waters from 
that of mineral waters, in which latter we may also include sea- 
water ; for, although no well-defined line can oe drawn between 
the two classes, still the analytical examin ation of the former is 
necessarily by iar the simpler, as the number of substances to be 
looked for is much more limited. 

A. Analysis of Potable Waters (Sprino-water, 
Well-water, River-water, <6;c.) 

§ 210. 

We know from experience that the substances to be had regard 233 
to in the analysis of such waters are the foUowing : — 

a, Bases : Potassa, soda, ammonia, lime, magnesia, protoxide 
of iron. 

b, AciDS, &c. : Sulphuric acid, phosphoric acid, silicic acid, 
carbonic acid, nitric acid, nitrous acid, chlorine. 

c, Oroanic matter. 

d, Mechanically suspended substances : Clay, &c. 
Potable waters contain indeed also other constituents besides 

those enumerated here, as may be inferred from the origin and 
formation of Springs, &c., and as has. moreover, been fully 
established by the results of analytical investi^tions ;* but the 
Quantity of such constituents is so trifling tnat they escape 
aetection, unless hundreds of pounds of the water are subjected 
to the analytical process. I therefore omit here the mode of their 
detection (see § 211). 

1. Boil 1000 to 2000 pm. of the carefiiUy collected water in 234 
a porcelain dish to one half. (Glass vessels are to be avoided, as 
boiling water attacks them much more than porcelain.) This 
generally produces a precipitate. Pass the fluid through a per- 
fectly clean filter (free from iron and Jime), wash the precipitate 
well, after having removed the filtrate, then examine both as 
follows : 

a. JSxarninatum of the 'precipitate, 

The precipitate contains those constituents of the water 235 
which were only kept in Solution through the agency of free 

* CHATnr (Jonm. de Phann. et de Chim. (8), 27, 418) fonnd iodine in all fresh- 
wster planti, but not in laod plants, a proof that the waier of rivera« brooks, 
poods, &c., contaiDB traces, even though extremely minnte, of metallio iodides. Ac- 
cording to Mabohaitd (Comp. Read., 81, 495), all natural watera contain i'xline, 
bromine, and lithia. Yait Ankum has demonstrated the presence of iodine in almoet 
all the potable waten of Holland. And it may be afflrmed with the same certainty 
that all, or at all events moet, natural waten oontain oompoands of etrontia^ barytis 
flttorinei Aa. 

I. IT 
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carbonic seid, or, as the case maj be, in the form of bicar- 
bonates, viz., carbonate of lime, carbonate of magnesia, sea- 
quioxide of iron (wbich was in Solution as bicarbonate of 
protoxide of iron, and precipitates upon boiling as hjdrate, 
as Silicate y and in presence oi phosphoric acid, aiso as phos- 
phate), nhosphate of lime ; also suicic acid, sometimes sul- 
phate Ol lime (if that substance is present in large proportion) 
and clay which was mechanically suspended in the water. 

Dissolve the precipitate on the fiiter in the least possible 
quantitj of dilute hydrochloric acid (effervescence indicates 
CARBONIC acid), and treat separate portions of the Solution 
as foUows : — 

a. Add sulphocjanide of potassium, or ferrocyanide of 
potassium, drop by drop, to test for iron. 

ß. Boiiy ada ammonia, fiiter if necessary, mix the 236 
filtrate with excess of Oxalate of ammonia, and let the 
mixture stand for some time in a warm place. A white 
precipitate indicates lime (in the form of carbonate, or 
also in that of sulphate if sulphuric acid is detected in y). 
Filter, mix the mtrate again with ammonia, add some 
phosphate of soda, stir with a glass rod, and let the 
mixture stand for twelve hours. A white crystalline preci- 
pitate, which is often visible only on the sides of the vessel 
when the fiuid is poured out, indicates Magnesia (as car- 
bonate). 

y. Add Chloride of barium. and let the mixture stand for 
twelve hours in a warm place. A precipitate indicates 
sulphuric acid. If very small it is best seen by cau- 
tiously decanting' the supernatant clear fluid and shaking 
the small remaining* quantity about in the glass. 

«^. Evaporate with addition of nitric acid to dryness, 237 
treat the residue with nitric acid and water, fiiter ofl^ any 
siLicic acid and test the filtrate for phosphoric acid 
with molybdate of ammonia (§ 142, 10), or with acetate of 
soda and sesquichloride of iron (§ 142, 9). 
b. Examinatian of theßltraU, 

a. Mix a portion with a little hydrochloric acid and 238 
Chloride of barium. A white precipitate, which makes its 
appearance at once, or perhaps oniy after standing some 
time, indicates sulphuric acid. 

ß. Mix a portion with nitric acid, and add nitrate of 

silver. A white precipitate or turbidity indicates chlorine. 

y. Test a portion for phosphoric acid, by evaporating 

with nitric acid, taking up with the same and proceeding 

as in 237. 

l. Evaporate a large portion until highly concentrated, 
and test tne rcaction of the fluid. If it is alkaline, if a drop 
of the concentrated clear Solution effervesces when mixed 
on a watch-glass with a drop of acid, and if carbonate of 
lime precipitates on the cautious addition of chloride of 
calcium to the alkaline fluid, then a carbonate of an alkali 
is present. Should this be the case, evaporate the fluid to 
perfect dryness, boil the residue with spirit of wine, fiiter, 
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evaporate the Solution to drjness, dissolve the residue in a 
little water, and test the Solution for nitric acid as 
directed § 159, 7, 8 or 9.* 

€. Mix the remainder of the filtrate with chloride of am- 
monium, ammonia, and excess of Oxalate of ammonia, and 
let the mixture stand some time. A precipitate indicates 
LiME. Filter, and — 

aa. Test a small portion with ammonia and phosphate 

of soda for maqnesia. 

hb. Evaporate the remainder to dryness, ignite, remove 

the magnesia which may be present (IGS)? &nd test for 

POTASSA and soda, according to § 19?. 

2. Acidifjr a tolerably lar^e portion of the filtered water with 239 
pure hydrochloric acid, and evaporate nearly to dryness ; divido 

the residue into two parts, a and h, 

a. Test with hydrate of lime for ammonia (§ 91, 3).t 

b, Evaporate to dryness, moisten the residue with hydro- 
chloric acid, add water, warm, and filter if a residue remains. 
The residue may consist of silicic acid and, if the water 
has not been filtered quite clear, also of clat; these two 
substances may be separated by boiling with Solution of car- 
bonate of soda. The residue is often dark-colored from the 
presence of organic substances; but it becomes perfectly 
white upon ignition. 

3. Mix another portion of the water, freshly taken, with lime- 240 
water. If a precipitate is produced, free carbonic acid or 
BiCARBONATES are present. If free carbonic acid is present, no 
permanent precipitate is obtained when a larg-e portion of the 
water is mixed with only a small amount of lime-water, since in 
that case soluble bicarbonate of lime is formed. 

4. Test for nitroüs acid,{ by mixing a portion of the water 241 
with some iodide of potassium and starch paste (made of 1 part of 
the purest iodide of potassium, 20 parts of starch, and 500 parts of 
water) and pure dilute sulphuric acid, and observe whether a blue 
coloration makes its appearance, either at once or, at least, afi:er a 
few minutes (§ 158, l). The reagents should be tested by making 

a counter experiment with pure water. 

5. Orqanic matter is detected by the blackening which 242 
occurs when a portion of the water is evaporated to dryness and 
gently ignited. If this experiment is to give conclusive results, 

the evaporation as well as the ignition must be conducted in a dask 
or retort. 

6. Fetid substances (decaying organic matter) are detected 
best by filling a bottle two-tbirds with the water, covering it 
with the band, shaking, and smelling. If the smell is of sulpnu- 
retted hydrogen, proceed as directed § 212, 3, Whether there are 
other smelling organic matters present besides, may be ascertained 

* Tbe nitric acid maj often be found without trouble. bj ovaporaÜDg the water to' 
a small residue, aod testiog this at once for iL 

t In elear water ammonia may be tested for quite satisfaotorUy without evaporating 
eiUier by meana of chloride of meroury and carbonate of potassa or by Nessleb's 
tert (§ 92). 

1 SoBÖABKV foDiid this aoid in rain- and snoTr -water« 

ü 2 
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bj adding a little snlphate of copper to the water, beibre onell- 
ing* it. 

7. If Tou wish to examine the mattbr8 mechanically aus- 243 
PEN DSD in a water (in muddy river- water, fbr instance) fill a 
large glass bottle with the water, cork securelj, and let it stand at 
rest for several davs, until the snspended matter has subßided; 
remove now the clear supernatant fluid with the aid of a ajphon, 
filter ihe remaitider, and examine the Sediment remaininfip on the 
filter. As this Sediment mav consist of the finest dost of yarioas 
minerals, treat it tirst with d'ilute hydrochloric acid, then examine 
the part insoluble in that menstruum as directed § 205. 

o. As OXIDE OF LEAD maj be present, arising from leaden 
pipes, treat a large quantity with sulphuretted hjdrogen, allow 
to stand for some üme, uid should a black precipitate form, 
examine this as directed § 193. To detect verj minute traoes ox 
lead, acidify 6 or 8 litres of the water with aeetic acid, add a little 
acetute of ammonia, to prevent the lead precipitating as sulphate, 
evaporate to a small residue, filter, conduct hydroaulphurio acid 
into the filtrate, and examine a black predpitate which maj form 
bv§193. 

B. Analtsis of Mineral waters. 

§211. 

The analysis of mineral waters embraces a lar^r number of 244 
ooustituents than that of potable water. The foUowing are the 
priucipal of the additional bodies to be looked for : — 

Oxide of cjssium, oxide of rubidium, oxide of Thal- 
lium, LITHIA, BARYTA, STBONTIA, ALUMINAy PROTOXIDE OF 
MANOANESE, BORACIC ACIP, BROMINE, lODINE, FLÜORINE, 

HYDRosüLPHURic ACID (hvposulphurous acid),* crenic acid 
Htid apocrenic ACID, (formic acid, propionic acid, &c,y nitrogen 
gns, oxygen gas, light carburetted hydrogen gas).* 

The analyst has moreover to examine the muddy ochreous or 
hard sinter-dieposits of the spring, or also the residue left npon the 
eYaiM)ration of very large quantities of water, for arsenious acid, 

AHSKNIC acid, TEROXIDE of ANTIMONY, OXIDE OF COPPER, 
OXIDE OF LEAD, PROTOXIDE OF COBALT, PROTOXIDE OF NICKEL, 

and the oxides of oiher heavy metals. The greatest care is 
required in this examination, to ascertain whether these oxides 
come reully irom the water, and do not perhaps proceed from metal 
pipes, stopeocks, Act The absolute purity of the reagents em- 
ployed in these delicate investigations must also be ascertained 
with the greatest care. 

* Hespeotiog the constituents in brackets, I refer to ihe corresponding chapter in 
xny Quantitative Analysis, as the detection of these matten generallj oomprites also 
their quantitative estiniation. 

t On the subject of watm* analysis, compare the following works by Dr. Fbisi- 
KIU8 : — Chemische Untersuchung der wichtigsten Nassauischen Mineralwasser, I. 
der Kochbrunnen su Wiesbaden, II. die Mineralquellen lu Ems, III. die Quellen 
ru Bchlangenbad, IV. die Quellen zu Langensohwalb»ch, V. die Sohwefelquelle su 
AVeilbacb, VI. die Mineralquelle su Gkilnau, VII. die neue Natronquelle su Weil- 
bach, VIII. die Minemlquelle su Niederralters, IX. die Mineralquelle su Facfaingen ; 
Wiesbaden : Kreiüel, 1860 — 1868. Untersuchung der Mineralquellen su Wildnogeo ; 
Aroisen : Mittler, 1860. Anal/ae des Ejuaer- und det Ludwigahtnnwmi, wit der 
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I. EXAMINATION OF THE WaTER. 

a. Operations at thb Spring. 

§ 212. 

1. Filter the water, if not perfectlj clear, through exhausted 245 
filter paper, into larg« bottles with glass Stoppers. The Sediment 
remaining on the filter, which po«sibly contains, besides the floc- 
culent matter suspended in the water, also those constituents 
which separate at once upon coming in contact with the air Thy- 
drate of sesquioxide of iron, and Compounds of sesquioxide of iron 
with phosphoric acid, silicic acid^ arsenic acid), is taken to the 
laboratoiy, to be examined afterwards according to § 214. 

2. The presence of free carbonic acid is usuallj sufficientlj 246 
visible to the eye. However, to convince yourself by positive re- 
actions, test the water with fresh-prepared Solution of iitmus, and 
with lime-water. If carbonic acid is present, the former acquires 

a wine-red color ; the latter produces turbidity, which must dis- 
appear again upon addition of the mineral water in excess. 

3. Free hydrosulphuric acid is most readily detected by the 247 
smell. For this purpose half tili a bottle with the mineral water, 
Cover with the band, shake, and smell the bottle. In this way 
distinct traces of hydrosulphuric acid are oflen found which wou) 1 
escape detection by reagents. However, if you wish to have some 
visible reactions, nll a targe white bottle with the water, add a few 
drops of Solution of acetate of lead in soda, place the bottle on a 
white surface, and look in at the top, to see whether the water 
acquires a brownish color or deposits a blackish precipitate ;— or 
half tili a large bottle with the water, and close with a cork to which 

is attached a slip of paper previously saturated with Solution of 
acetate of lead and tben moistened with carbonate of ammonia ; 
shake the bottle gently from time to time, and observe whether 
the paper acquires a brownish tint in the course of a few hours. 
If the addition of the acetate of lead has produced a brown color, 
or precipitate, whilst the test with the paper gives no result, this 
indicates that the water contains an alkalme sulphide, but no free 
hydrosulphuric acid. 

4. Mix a wineglassful of the water with some tannic acid, another 248 
wineglassful with some gallic acid. If the former imparts a red- 
violet, the latter a blue-violet color, protoxide of iron is present. 
Instead of the two acids, you may employ Infusion of galls, which 
contains them both. The colorations make their appearance only 
aller some time, and increase in intensity from the top — ^where the 

air acts on the fluid — towards the bottom of the vessel. 

5. Test for nitbous acid and fetid orqanic substances 249 
according to 2^1 and 242. If the water contains hydrosulphuric 

EÜMbethenquelle za Homburg v. d. H. ; WiesUdea : Kreide!, 1863 und 1864. 
Analyse der Triakquelle, der Badequelle und der Helenenquelle zu Pyrmont ; AroUen : 
Speyer, 1866. Analyse der Driburger und flertter Quelle ; Wietbaden : Kreidel, 
1866. Analyse der Augustaquelle (Felsesquelle Nr. II.) und der Viotoriaquelle zu 
Bad £ms; Wiesbaden : Kreidel, 1866 und i«69. Analyse des Lamsckeider Mineral- 
bmniien^ sowie die dee Tdunissteiiier Heilbran&eiii and dee Hkuiisetekier 6tahl- 
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acid, remove it before testing for nitrous acid bj veiy cauüous 
addition of sulphate of silver (no sil versah must under any circum« 
stances remain in the Solution). 

h, Operations ix the Laboratort. 

§ 213. 

As it is alwajs desirable to obtain even in the qualitative 
examination some information as to the proportions in which 
the several constituents are present, it is advisable to analjze a 
comparativelj small portion for the principal constituents, and to 
ascertain, as far as may be practicable^ the relative proportions in 
which these constituents exist, and thus to determine the character 
of the water; then to examine a far lar^r portion for the consti- 
tuents which are present in small quantitj; and finallj a very 
large portion or the sinter for those constituents which are present 
merely in traces. For this purpose proceed as follows :— 

1. Examination for thosb constituents which are 

PRESENT IN LARQB QUANTITIES. 

■ 

a, Boil about 3 Ibs. of the clear water, or of the water 250 
filtered at the springe in a porcelain dish (a flask is less 
suitable) for one hour, taking care^ however^ to add from 
time to time some distilled water, that the quantity of liquid 
may remain undiminished, and thus that only those salts 
may be separated which owe their Solution to the presence 
of carbonic acid. Filter and examine the precipitate and 
the filtrate as directed § 210. 

h. Test for ammonia, silicic acid, oroanic mattkrs, 
&c., by the methods given in § 210. 

2. Examination for those fixed constituents which 

are present in minute quantities. 

Evaporate a lar^e quantity (at least 20 Ibs.) of the water in a 251 
silver or porcelain aish to dryness ; conduct this Operation with the 
most scrupulous cleanliness in a place as free as possible from dust 
If the water contains no carbonate of an alkali, add pure carbonate 
of potassa in slight excess. The process of evaporation may be 
conducted at first over a gas-lamp, but ultimately the sand-Dath 
must be employed. Heat the dry mass to very üaint redness ; if in 
a silver dish, you may at once proceed to ignite it ; but if you have 
it in a porcelain dish, first transfer it to a silver or platinum vessel 
before proceeding to ignition. li the mass turns black in this 
process, orqanic matters may be assumed to be present.* 

Mix the residue thoroughly, and divide it into 3 portions, a and 
b being^each about a quarter, and e one half. 

a. Examination for phosphoric acid. 

Warm the portion a with water, add pure nitric acid in 252 
sufficient excess, evaporate on the water-bath to dryness, warm 

* ThiB ioferenoe Li, however, oorreot only if tbe water haa been effectaally protected 
from duat during evaporation ; if thia haa not been the case, and you yet wish to aacer- 
tain beyond doabt whether orffanic matten are preaent, evaporate a aeparate portion of 
the water in a retorC If you find organie matter, and wiah to'know whether it conaiala 
of crenic aoid or of apoorenio aoid, treat a portion of the reaidue aa direoted § 214, S* 
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the residue with nitric acid, dilute slightlj, filter throu^h 
paper exhausted with hjdrochloric acid and test with moljl)- 
date of ammonia (§ 142, 10). 

b, EXAMINATION FOR FLUORINE. 

Heat the portion b with water, add chloride of calcium as 253 
long- as a precipitate continues to form, let deposit and collect 
the precipitate, which consists chieflj of carbonates of lime and 
magnesia, on a filter. Wash, dry, ignite, treat with water in 
a small dish, add acetic acid in slight excess, evaporate on the 
water-bath to dryness, keeping the dish on tne bath until 
all smell of acetic acid has disappeared, add water, heat, filter 
off the Solution of the acetates of the alkaline earths, wash, 
dry or ignite the residue, and test it as directed § 146, 5. 

e. EXAMINATION FOR THE REMAININQ FIXED CON8TITÜENT8 
PRESENT IN MINUTE QÜANTITIE8. 

Boil the portion ö repeatedly with water, filter, and wash 254 
the undissolved residue with boiling water. You have now a 
residue (c), and a Solution (ß). 

a. The residue consists chiefly of carbonate of lime, car- 
bonate of magnesia, silicic acid, and — in the case of chaly- 
beate Springs — hydrate of sesquioxide of iron. But it may 
contain also minute quantities of bartta, strontia, alu- 

MINA, PEROXIDE OF HANGANESE, and TITANIC ACID, and 

must accordingly be examined for these substances. 

Treat it witn water in a platinüm or porcelain dish, add 
hydrochloric acid to slightly acid reaction, then 4 or 5 drops 
of dilute sulphuric acid, evaporate on the water-bath to dry- 
ness, moisten with a small quantity of hydrochloric acid, 
then add water, warm gently, filter, and wash. 

aa. EXAMINATION OF THE RESIDUE INSOLUBLE IN 255 

HYDROCHLORIC ACID. This wiU mostly consist of silicic 
acid ; but it may contain also sulphates of the alkaline 
earths, titanic acid and carbon. Heat it in a platinüm 
dish repeatedly with hydrofluoric acid or fluoride of am- 
monium with addition of sulphuric acid, tili all silicic 
acid is expelled. Finally evaporate to dryness, fiise the 
residue (if any) with bisulphate of potassa, treat the fusion 
with cold water, filter and test the Solution for Titanic 
ACID by protracted boiling. If there was a residue on 
treating tue iusion with water, wash it and incinerate the 
filter. When a spectroscope is at disposal. take up the 
ash on the loop of a platinüm wire, expose for some 
time to the reaucing name, moisten with hydrochloric 
acid and examine for bartta. Strontia will not be found 
here except perhaps in traces. When a spectroscope is 
not at band, set aside the ash for subsequent examination. 

bb. Examination of the hydrochloric acid 256 
SOLUTION. Mix in a fiask with pure chloride of am- 
monium, add ammonia until the nuid is just alkaline, 
then sulphide of ammönium free firom ammonia ; close the 
fiask, filled to the neck, and let it stand for 24 hours in a 
modßrately warm place. If a precipitate has formed at the 
end of that time^ filter off^ dissolve in h|[diochIom ^&x^^ 
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boil, add potassa (§ 34, e) in excess, boil agam, filter, and 
test the Jiltrate for alumixa bj acidifyin^ with hydro- 
chloric acid and heatdng with ammonia;'*' divido the rmdme 
into two parts, test one for manoaitese with carbonate 
of soda before the blowpipe, the other for iron by dis- 
solving in hydrochloric acid and adding sulphocyanide 
or ferrocyanide of potassium. 

The mtrate from the sulphide of ammonium preci- 
pitate may contain traces of bary ta and will contain all or 
nearly all the strontia. Add to it carbonate of ammonia, 
filter after long Standing, wash the precipitate, dry, sub- 
ject it to Emqelbach's process (end of § 99), and treat 
the aqueous extract of the ignited precipitate as fbllows. 
If a spectroscope is at command, evaporate it to dryneas 
with hydrochloric acid and examine the residue in the 
instrument. If a spectroscope is not at command, eva- 
porate it nearly to oryness with snlphate of ammonia, boil 
with a saturated Solution of sulphate of ammonia, filter, 
wash the precipitate, dry, incinerate, add the residue set 
aside in 255> ^se ^ith carbonate of soda, treat with 
water, wash, dissolve the residue in hydrochloric acid and 
test the Solution according to § 99. 

/3. The alkaline Solution contains the salts of the alkalies, 257 
and usually also magnesia and traces of lime. You have to 
examine it now for nitric ACiD,t boracic acid, iodine, 
BROMINE, and LiTHiA. Evaporate until very concentrated, 
let it cool, and place the dish in a slanting position, that 
the small quantity of liquid may separate m)m the saline 
mass ; transfer a few drops of the concentrated Solution to 
a watch-glass by means of a glass rod, just acidify with 
hydrochloric acid, and test with turmeric-paper for boracic 
ACID. Evaporate the whole contents of the dish, with 
stirring, to perfect dryness, and divide the residuary powder 
into 2 portions, oa being about two-thirds, and tö one-third. 
€ui. Examine the larqer portion for nitric 258 

ACID, IODINE, AND BROMINE. 

Put the powder into a flask, add alcohol of 90 per cent., 
boil in the water-bath, and filter bot; repeat the same 
Operation a second and a third time. Mix the alcoholic 
extract with a few drops of potassa, distil almost all the 
süirit off, and allow to cool. If minute crystals separate 
tliese may consist of nitrate of potassa ; pour off the fluid, 
wash the crystals with some spirit, dissolve in a very 
little water, and test the Solution for nitric acid, with in- 
digo, or with brucia, or with iodide of potassium, starch- 
paste and zinc (§ 159). Evaporate the alcoholic Solution 

* There ig do ubo in testiog for alumina uoles« the evaporatioo haa been eflected in 
a platinum or nilver dish. 

t The nitric acid originally preoent may have been dcBtroyed by the igniiion of the 
residue in 261, if the latter oontained organio matter. If you have reason to fear 
that auch has been the caae, and you have not already foond nitric acid fai 250, 
examine a laiger portion of non-igmied retidue for that iMsid, according to the directiona 
of 25». 
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now to dryness. If jou have not yet found nitrio aoid, dis- 
solve a smali portion of the residue in avery little water^ 
and examine the Solution for that acid. Treat the re- 
mainder or^ as the case may be, the whole of the residue 
Üiree times with warm alcohol, filter, evaporate the filtrate 
to dryness with addition of a drop of potassa^ dissolye the 
residue in a very little water, acidify slightly with sul- 
phuric acid, add some pure bisulphide of carbon, and test 
for lODiNE with nitrite of potassa, or a drop of solutioa of 
hyponitric acid in sulphuric acid. After having* carefully 
oWrved the reaction, test the same fluid for bromine 
with chlorine water according to § 157. 

bb. Examine the smaller portion for lithia. 269 
Warm the smaller portion of the residue f which, if lithia 
is present, must contain that alkali as caroonate or phos- 
phate) with water, add hydrochloric acid to distinctly acid 
reaction, evaporate nearl^ to dryness, then mix with pure 
alcohol of 90 per cent., which will separate the greater 
portion of the chloride of sodium, and dissolve all the 
lithia. Drive off the alcohol by evaporation and, if you 
have a spectroscope, examine the residue with this for 
lithia (§ 93, 3). If you have no spectroscope, dissolve 
the residue in water and a few drops of hydrochloric acid, 
add a little sesquichloride of iron, then ammonia in süght 
excess, and a small quantity of Oxalate of anmionia : let 
the mixture stand for some time, then filter off the fluid, 
which is now entirely free from phosphoric acid and lime ; 
evaporate the filtrate to dryness, and gently ignite until 
the salts of ammonia are expelled ; treat the residue with 
some chlorine water (to remove the iodine and bromine) 
and a few drops of hydrochloric acid, and evaporate to 
dryness ; add a little water and (to remove the magnesia) 
some finely divided oxide of mercury, evaporate to dry- 
ness, and gently ignite until the oxide of mercury is just 
driven off; add a drop of hydrochloric acid, treat wim a 
mixture of absolute alcohol and anhydrous ether, filter, 
concentrate the filtrate by evaporation, and set fire to the 
alcohol. If it burns with a carmine flame, lithia is 
present. By way of confirmation convert the lithia found 
mto phosphate (§ 93, 3). 

3. EXAHINATION FOR THOSE CONSTITÜENTS WHICH ARE 
PRESENT IN MOST MINUTE QÜANTITIES. 

Evaporate 200 or 300 Ibs. of the water in a large perfectly clean 260 
ron vessel until the salts soluble in water be^n to separate. If 
the mineral water contains no carbonate of soda, add sufficient of 
that substance to render the fluid distinctly alkaline. After eva- 
poration filter the Solution off, wash the precipitate, without adding 
the washings to the first filtrate, and 

a. Examine the preeipikUe by the method given § 314 
for sinter depositiß ; 

b. Mix the soluHon with hydrochloric acid| to acid reaotion^ 

\ 
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heat, just precipitate the snlphuric add whieh may be 
present with chloride of barium, filter, evaporate thefiltrate 
to drjnessy digest the residue with alcobol of 90 per oent., 
and examine the Solution for ciBsiUM and Rubidium 
aocordine to § 93, at the end. Treat the residue insoluble 
in alcohol as follows. Make a hot concentrated Solution of 
it in water^ add ammonia in excess, filter if necessaiy, add 
iodide of potassium while still hot and allow to stand. If 
a precipitate forms test it for Thallium in the spectroecope. 

II. EXAMINATION OF THE SiNTER-DePOSIT. 

§214. 

1. Free the deposit from impurities, by picking, sifting, elu- 261 
triation, &c,, and from the soluble salts adhering to it, by washin^ 
with water; digest a large quantity (about 200 grammes) witn 
water and hydrochloric acid (efiervescence : carbonig acid) at a 
very moderate heat until the soluble part is completely dissolved ; 
dilute, let cool, filter, and wash the residue. 
a. Examination of theJiUraU. 

a. Heat the larger portion to 70**, pass hydrosulphuric 262 
acid for some time and also during the cooling. Allow to 
stand in a moderatelj warm place tili the smeO of the gas 
is almost gone and nlter. 

Wash and dry the precipitate, remove the greater part 263 
of the free sulphur by digesting and washing with bisul- 
phide of carbon, warm gently with yellow sulphide of 
potassium, dilute, filter, wash with water containing sul- 
phide of potassium and precipitate the filtrate and wasnines 
with hyorochloric acid. Allow the precipitate to settle, 
filter it off, wash, dry, extract again witli bisulphide of 
carbon, treat the residue (if any) together with the filter in 
a small porcelain dish with pure red fuming nitric acid, 
warm tili the greater part of the acid is expelled, add excess 
of carbonate of soda, then a little nitrate of soda, fuse, treat 
the fiision with cold water, filter, wash with diluted alcohol, 
and test the aqueous Solution for arsenic acid by 121 and 
122^ the residue for amtimony and tin by diFsolving in 
dilute hydrochloric acid and treating the Solution with zinc 
free from lead in a platinum capsule (123)* 

If a residue remained on treating the hydrosulphuric 264 
acid precipitate with sulphide of potassium, wash, remove 
from the filter by a jet of water, uoil with a small quantity 
of dilute Ditric acid, filter, wash and treat the contents of the 
filter first with hydrosulphuric acid — in order not to miss 
sulphate of lead which may possibly be present here — then 
test them for baryta and btrontia accordin^ to 255* 
Mix the nitric acid Solution with a litde pure sulphurjc acid, 
evapofrate to dryness on a water-bath and treat with water ; 
if a residue, it consists of sulphate of lead. To make sure, 
filter it off, wash, and see if it turns black with hydrosulphuric 
^ acid. Test the filtrate from the sulphate of lead witn am- 

monia^ and with ferrooyanide of potassium for coppbr. 
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Take a porüon of the filtrate from the h jdrosulphuric 265 
acid precipitate^ evaporate it to dryness with excess ot nitric 
acid on a water-bath, treat with nitric acid and water, filter 
and test the Solution for phosphoric acid with moljbdate 
of ammonia. Transfer the remainder of the filtrate from 
the hjdrosulphuric acid precipitate to a flask, add Chlo- 
ride of ammonium, then ammonia until the fluid is just 
alkaline, lastly sulphide of ammonium free from ammonia^ 
fill the flask to the neck, close the mouth, allow to stand in 
a moderatelj warm place tili the supernatant fluid is yellow 
without a shade of green, filter and wash with water con- 
taining sulphide of ammonium. Treat the precipitate with 
dilute hydrochloric acid and proceed to test for cobalt, 

NICKEL, IRON, MANQANESE, ZINC, ALUMINA, AND SILICA 

according to 162 — 160. To examine for Titanic acid 
throw down a part of this hydrochloric Solution with am- 
monia and treat the precipitate according to 222* In the 
filtrate from the sulphide of ammonium precipitate throw 
down the lime and strontia and any bartta which 
may be present with carbonate and Oxalate of ammonia, 
and test the precipitate for the two last by Enqelbach's 
method (end of § 99). Finally test the nltrate from the 
lime precipitate for maqnesia. 

ß. Mix a portion considerably diluted, with chloride of 
barium, and allow it to stand 13 hours in a warm place. A 
white precipitate indicates sulphuric acid. 
b. Examinatian of the residue, 

This consists of sand, hydrated silicic acid, clay, and organic 266 
matter ; it may also contain sulphur (if the water contained 
hydrosulphuric acid), and sulpnates of baryta and strontia. 
Boil with a Solution of carbonate of soda and caustic soda to 
dissolye the hydrated silicic acid and sulphur, filter, and 
treat on the paper with dilute hydrochloric acid to dissolye 
baryta and strontia and leave the clay and sand. Test the 
hydrochloric Solution according to 256 for baryta and 

STRONTIA. 

2. To test for flüorine, the best way is to take a separate por- 267 
tion of the deposit. Mix with about half its weight of pure hy(Jurate 

of lime (if caroonate of lime is not present in auundant quantity), 
ignite (blackening indicates organic matter), add water, and then 
acctic acid in excess, evaporate tili the excess of acid is expelled^ 
and proceed as directed 253- 

3. Boil the deposit for a considerable time with concentrated 268 
potassa and filter. 

a. Acidify a portion of the filtrate with acetic acid, add am- 
monia, allow to stand 12 hours, and then filter off the precipi- 
tate of alumina and hydrated silicic acid, which usually forms; 
again add acetic acid in excess, and then Solution of neutral 
acetate of copper. If a brownish precipitate is formed, this 
consists of APOCRENATE of copper. Mix the fluid filtered from 
the precipitate with carbonate of ammonia. until the green 
color has changed to blue, and warm. If a oluish-green pre- 
cipitate is produced^ this consists of crenatb of co^^^c. 
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b, If jou have detected arsenic, use the remainder of the 
alkaline fluid to ascertain whether the arsenic exisred in the 
Sinter as arsbnious acid or as arsenic acid. (Compare 
§ 134, 9). 

IV. Analysis of Soil8. 
§210. 

Soils must necessarily contain all the constituents which are 
found iü the plants growing upon them, with the exception of those 
supplied by tne atmosphere and the rain. When we find, therefore, 
a plant, the constitueots of which are known, growing in a certain 
soil, the mere fact of its growing there gives us some insight into 
the composition of that soil, and may accordingly save us, to some 
extent, the trouble of a qualitative analysis. 

Viewed in this light, it would appear quite superfluous to make a 
qualitative analysis of soils still capable of producing plants ; for it 
is well known that the ashes of piants contain almost invariably 
the same constituents, and the differences between them are caused 
principally by differences in the relative proportions in which the 
several constituents are present. But if, in the qualitative analysis 
of a soil, regard is had also to the proportions ot the constituents, 
and to the State in which they are present, an analysis of the kind, 
if combined with an examination ot the physical properties of the 
soil, and a mechanical Separation of its parts,* may give most use- 
fiil results, enabling the analyst to judge sufficiently of the condi- 
tion of the soil, to supersede the necessity of a quantitative analysis, 
which would require much time, and is a far more difficult tasK. 

As plants can only absorb substances in a State of Solution, it is 
a matter of especial importance, in the qualitative analysis of a soil, 
to know which constituents are soluble in water ;t which require 
an acid for their Solution (in nature principally carbonic acid) ; and, 
finally, which are neither soluble in water, nor in acids, and are 
not, accordingly, in a position for the time being to aflbrd nutri- 
ment to the plant. With regard to the insoluble substances, another 
interestiog question to answer is whether they suffer disintegra- 
tion readily, or slow ly and with difficulty, or whether they altogether 

* With regard to ihe mecbanical Separation of the compoDent parts of a soil, and 
the examination of itspbysical properties and chemical oondition, cooipare F. ScHüUC, 
Journ. f. prakt. Chemie, 47, 241 ; also Febusius's Quantitatiye Analysis, and £. 
WoLPF, Zeitschr. f. anaL Chem. 8, 85. 

t It was formerly universally assumed that substances soluble in waier, or in water 
containing carbonic acid, circulated freely in the soil so long as there existed agents for 
their Solution ; but since it has been discovered that arable soll possesses, like diarooal, . 
the propertyof withdrawing from dilute soluüonB the bodiesdi«8olved in them, this notioo 
is exploded, and we now know that arable soil wiU retain with a certain foroe bodies 
otherwise soluble— from which we oonclude that the aqueous exiract of a soil cannot 
be expected to contain the whole of the substances present in that soil in a State imme- 
diately available for the plant. Neither can we expect to find these matters in the 
aqueous extract in the same proportion in which they are present in the soil, since the 
latter will reiMily give up to water those substances in regard to which its power of 
absorption has bieen sati fied, whilst it will more or Wss strongly retain othcm. Bot 
although, for this reason, the examination of the aqueous extract of asoil has no longer 
the same value as it was fonnerly considered to have, yet it is still useful to ascertain 
what substances a soll will aotually give up to water. It is for this reaaon tbmit 1 haf« 
retained the ohapter oo the preparation and examination of the aqueous extmot. 
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resisttheactionofdisintemting agencies; and also what are the 
products which they yield upon their disintegration.* 

In the analysis of soils, the constitaents soluble in water, those 
solable in acids, and the insoluble constitaents, must be cxamined 
separatelj. The examination of the organic portion also de- 
mands a separate process. 

The analysis is therefore properly divided into the following four 
parts : 

1. PreparoHon and Examination of the Aqueaus Extraet, 

216. 



About 1000 grammes of the air-dried soil are used for the pre- 269 
paration of the aqaeous extract. To prepare this extract quite clear 
IS a matter of some difficulty : in following the usual course, viz., di- 
gesting or boiling the earth with water, and filtering, the fine par- 
ticles of clay are speedily found to impede the Operation, by choKing 
up the pores of the filter ; thej also almost invariably render the 
fittrate turbid, at least the portion which passes through first. I 
have found the following method proposed oy F. Schulze {loo. dt,) 
the most practical. Close the neclc of several middle-sized funnels 
with sman Alters of coarse blotting-paper, moisten the paper, press 
it close to the sides of the funnel, and then introduce tne air-dried 
soil, in small lumps ranging from the size of a pea to that of a wal- 
nut, but not pulverized or even crushed ; filling the funnels about 
two-thirds. Pour distilled water into them, in sufficient quantity 
to Cover the soil ; if the first portion of the filtrate is turbid, pour 
it back into the funnel. Lst the oparation proceed quietly. Fill 
the funnels again with water, and continue this process of lixivia- 
tion until the filtrates weigh twice or three times as much as the 
soil used. Collect the several filtrates in one vessel, and mix them 
intimately together. Keep a portion of the lixiviated soil. 

Divide the aqueous Solution into two parts, 1 (about two-thirds) 
and 2 (about one-third). 

1. Bvaporate in a porcelain dish to a small bulk and test as 
foUows. 

a.* Filter off a portion, test the reaction of the filtrate, set 270 
aside a part to test for organic matter (280)> warm the rest and 
add nitric acid. Effervescence indicates an alkalinb cak- 
BONATE. Then test for chlorine with nitrate of silvor. 

b. Transfer the rest of the concentrated fluid from 1, toirether 271 
with the precipitate which it usually contains^ to a small dish 
(preferabiy of platinum), evaporate to dryness and heat the 
hrownish residue cautiously üll the organic matter is destrored. 
In the presence of Nitrates a slight deflagration will be 
perceptible. Treat the residue as foUows. 

a. Test a small portion with carbooate of soda in the 
oxidizin^ flame for manoanese. 

ß. Wirm the rest with water, add hydrocblori«! seid, 
(efferreacence indicates earbonic acid), evaporate to drynest 

• For more MSfle inforrnfttioB on ihm rabj^efc tlM rMd«r ki r«f«rr^ to VatMVf 0«'« 
Chemie fllr ImadwMbid, FonioiiiiMr, «ad ÖuatnätUn : BnuMwi^ Viewfc« lt47. 
p. 486. 
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to separate silicic acid, moisten witb hjdrochloric acid^ add 
water^ warm and filter. 

aa, Wash the residue, which generally contains a little 
carbon, a little claj (if the aqueous extract was not clear), 
and also silicic acid. To detect the latter, pierce thefilter^ 
wash the residae through, boil it witb caustic soda, filter. 
saturate witb hydrocbloric acid, evaporate to drjness, ana 
finally take up witb water^ when the silicic acid will remain 
bebind. 

bb, Test a part of the hydrocbloric Solution for sül- 
PHUR[C acid witb Chloride of barium. Evaporate a 
second part witb nitric acid and test for phosphoric 
ACID witb molybdate of ammonia. Test a tbird part for 
IRON witb sulpbocyanide of potassium. To the rest add 
a few drops of sesquichloride of iron (to remove phosphoric 
acid), then ammonia tili slightly alkaline. warm a little, 
filter, throw down the lime witb Oxalate of ammonia 
and proceed to the examination for Magnesia, potassa, 
and SODA (§§ 196, 197). Finally examine a small quan- 
tity of the pure alkaline Chlorides in the spectroscope for 

LITHIA. 

Alumina is not likely to be found in the aqueous ex- 272 
tract (F. Schulze never found it). Butif you wish to 
test for it, boil the precipitate produced by ammonia witb 
pure potassa in a platinum or sUver dish, nlter, acidify the 
filtrate witb hydrocbloric acid, add ammonia, and warm. 
2. If you have found. iron, acidify a portion witb hydrocbloric 273 
acid, and test half witb ferricyanide of potassium, the ocher half 
witb sulpbocyanide of potassium, to see in wbat State the iron is 
present. Mix the rest of the aqueous extract witb a little sul- 
pburic acid, evaporate nearly to dryness on the water-bath, and test 
the residue for ammonia by means of hydrate of lime. If the aque- 
ous extract is absolutely clear you may test it for ammonia directly 
by Chloride of mercury, &c. (§ 92). 

2. Preparation and Examination of the Acid Extract, 

§ 217. 

Heat nbout 50 erammes of the soil from which the part solu- 274 
ble in water bas been removed as far as practicahle* witb mode- 
rately strong hydrocbloric acid (effervescence indicates carbonic 
acid) for several bours on the water-bath, filter, and make the 
following' experiments witb the filtrate, which is generally yellow 
from the presence of sesquichloride of iron. 

1. Test a small portion witb sulpbocyanide of potassium 275 
for SESQUi OXIDE OF IRON, another witb ferricyanide of 
potassium for protoxide of iron. 

2. Test a small portion witb chloride of barium for sül- 
PHURic acid. Evaporate another portion to dryness, heat 
the residue to a temperature scarcely exceeding- 100°, warm 
witb nitric acid, filter off the silicic acid and test for phos- 
phoric ACID witb molybdate of ammonia in the cold. 

* Complete lixiviation ie geoenlly iinpractioable. 
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3. Mix a large portion with ammonia to neutralize the free 276 
acid^ then with yellowish sulphide of ammonium ; let the mix- 
tare stand in a warm place, in a flask filled up to the neck, 
until the fluid looks yellow ; then filter, and test the filtrate 

in the usual waj for lime, maonesia, potassa, and soda. 

4. Dissolve the precipitate ohtained in 3 in hydrochloric 277 
acid, evaporate to dryness, moisten with hydrochloric acid, 
add water, warm, Alter, and examine the filtrate aocording to 
150, for iRON, MANQANESE, ALUMINA, and if necessary, 
also for lime and magnesia, which may have been thrown down 

by the sulphide of ammonium, in combination with phosphoric 
aeid. 

5. The separated silicic acid ohtained in 4 is usually 
colored by orgranic matter. It must, therefore, be ignited to 
obtain it pure. 

6. If it is a matter of interest to ascertain whether the 278 
hydrochloric acid extract contains arsenic acid, oxidb of 
COPPER, &c., treat the remainder of the Solution with hydro- 
sulphuric acid, as directed 262 — ^264* 

7. Should you wish to look for fluorine, igmite a fresh 
portion of the earth, and proceed according to 230* 

3. Examinatian of ihe Inorganic Constituents insoluble in Water 

and Acids. 

§ 218. 

The Operation of heating the lixiviated poil with hydrochloric 279 
acid (274) leaves still the greater portion of it undissolved. If you 
wish to subject this undissolved residue to a chemical examination, 
wash, dry, and sift, to separate the stones from the clay and sand ; 
moreover, separate the two latter from each other by elutriation. 
Subject the several portions to the process given for Silicates 
(§ 205). 

4. Eocamination of the Organic Constituents of the Soll,* 

§219. 

The organic constituents of the soil, which exercise so great 
an influence upon its fertility, both by their physical and chemical 
action, are partly portions of plants in which the structure may 
still be recognised (fragments of straw, roots, seeds of weeds, &c.^, 
partly products of vegetable decomposition, which are usually 
called by the general name of humus, but differ in their con- 
stituent Clements and properties, according to whether they result 
from the decay of the nitrogenous or non-nitrogenous parts of 
plants — whether alkalies or alkaline earths have or have not had 
a share in their formation — ^whether they are in the incipient or 
in a more advanced stage of decomposition. To separate these 
several component parts of humus would be an exceedingly diffi- 
cult task, wnich, moreover, would hardly repay the trouble ; the 

* Goropare FBBSRmu8*8 Chemie fHr Landinrthe^ Foritmäoner, und Camermlisten ; 
Brunswick, Yieweg^ 1817, §§ 282—285. 
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followinfi^ Operations are amplj sufficient to answer all the pmpoaes 
of a quaUtative analjsis. 

a. Examination of the Organie Sübstances soluble im Water, 

Evaporate the reserved portion of 270 on the water-bath to 280 

Eerfect dryness^ and treat the residue with water. The uhnic, 
umic, and geic acids, which were present in the Solution in com- 
bination with bases^ remain undissolved, whilst crenic and 
APocBENic ACID8 are dissolved in combination with ammonia; 
for the manner of detecting the latter acids, see 268- 

b, Treatment müh AUudine Carhonate, 

Dry a portion of the lixiviated soil, and sift to separate the 281 
iragments of straw, roots, £c., and the small stones, from the 
finer parts ; diffest the latter for several hours at 80 — W with 
Solution of carbonate of soda, and filter. Mix the filtrate with 
hydrochloric acid to acid reaction. If brown flakes separate, these 
proceed from ulmic acid, humic acid, or qeic acid. The 
larg'er the proportion of ulmic acid present the lighter will be the 
color of the flakes. 

e, Treatment with Caustie Alkali, 

Wash the soil boiled with Solution of carbonate of soda (b) with 282 
water, boil several hours with potassa, replacing the water as it 
evaporates, dilute, filter, and wash. Treat the brown fluid as in b. 
The ulmic and humic acids which separate now, are new pro- 
d^cts resulting from theaction of boiling potassa upon ulmin and 

HUMIN. 

V. Detbction of Inoroanic Sübstances in Presence 

OF Oroanic Sübstances. 

§ 220. 

It will be readily conceived that the presence of organie süb- 
stances raaj so far impede an analjsis that it cannot be proceeded 
with until the organie matter has been totally destroyed ; thus, for 
instance, the presence of organie coloring matter may completely 
conceal a change of color or a precipitate, again the presence of 
slimv matter may render filtration impossible. Difficulties of this 
kindare of constant occurrence in the examination of medicines, in 
the analysis of articles of food or of the contents of a stomach for 
inorganic poisons, and in the analysis of the inorganic constituents 
of veg« table or animal sübstances. In the following' pag^s 
instructions will be given first for a general procedure, afterwards 
for several special cases. 

1. General Rülesfor the Detection of Inorganic Siibstances in Presence of 
Organie matters, which by their Color j Consistence or other Pro- 
pertieSy impede the Application of the Eeagents, or obscure the Re- 
actians produeed, 

§221. 

We confine ourselyes here, of course, to the description of the 
most generally applicable methods, leaving the modifications which 
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circumstances maj require ia special cases to the discretion of the 
analyst. 

1. The sübstance dissolves in water, büt the Solution 283 
is dark-colored or of 8limy con8istence. 

a. Heat a portion of the Solution with hydrochloric acid on 
the water-batli, and graduallj add cblorate of potassa until 
the mixture is decolorized and perfectly fluid ; neat until it 
exhales no longer the odor of chlorine, then dilute with 
water, and filter. Examine the filtrate in the usual way, 
commencing* at § 190. Compare also § 225. It is hardly 
necessary to observe that the State of oxidation of the metals 
founed cannot be determined ; since suboxide of mercury, 
protoxide of tin, and protoxide of iron would be converted by 
the chlorate of potassa and hydrochloric acid into chloride 
of mercury, bichloride of tin, and sesquichloride of iron 
respectively. 

b. Boil another portion of the Solution for some time with 
nitric acid, Alter and test the filtrate for silver and potassa. 
If the nitric acid succeeds in effecting the ready and complete 
destruction of the coloring: and slimy matters, &c., this method 
is often preferable to all others. 

c. Alumina and sesquioxide of chromium might 
escape detection by this method, because ammonia and sul- 
phide of ammonium may fail to precipitate these oxides from 
fluids contuining non-volatiie organic substances. Should 
you have reason to suspect the presence of these oxides, mix 
H third portion of the substance with carbonate of soda and 
chlorate of potassa, and throw the mixture gradually into a red- 
hot crucible. Let the mass cool, then treat it with water, and 
examine the Solution for chromicacid and alumina, the residue 
for alumina (§ 103). 

d. Test a separate portion for ammonia with hydrate of 
lime. 

e. Subject another portion to dialysis and examine the 
dialysate for acids. 

2. BOILINO WATER FAILS TO DISSOLVE THE SUBSTANCE, OR 284 
EFFECTS ONLY PARTIAL SOLUTION ; THE FLUID ADMITS OF 
FILTRATION. 

Filter, and treat the filtrate either as directed § 189, or, should 
it require decoloration, according to 283» The residue may be of 
various kinds. 

a. It is FATTY. Remove the fatty matter by mcans of 
ether, and should a residue be left, treat this as directed § 175. 

b. It is RESiNous. Use alcohol instead of ether, or apply 
both liquids successively. 

c. It is of a different nature, e.ff., woody fibre, &c. 
a. Dry, and ignite a portion in a porcelain or platinum 

vessel, avoiding too high a temperature, until total or 
partial incineration is effected ; warm the residue with hy- 
drochloric acid and a little nitric acid, dilute, and examine 
the Solution as directed 109 ; if & residue has been left, 
treat this according to § 203. 

ß, Examine another portion for the heavy metals and 

1. X 
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ftcids, as direeted 283 — since with the metbod given in a, 
tfsenic, o^lmimn. zinc. «tc, may volatilize, besides mercurj. 
y. Test the nenuinder for ammonia^ bj trituraung with 
hydrate of Urne. 
3. The substaxcb dobs not admit of Filtration or285 
any other means of separatino tbe dissolveo from thb 
vndissolved part. 

Treat the substance in the same manner as the residue in 284* 

As re^rards the charred mass, 284 ^y a, it is oflen advisable to 
boil the mass, carboniied at a gentle heat, with water, filter, ex- 
amine the filtrate, wash the residue, incinerate it, and examine 
the ash, 

4. The foUowingr method proposed by E. Millon* is of very 
^neral applioation für the detection of metallic oxides when mixed 
with onranic matter. Transfer the substance to a tubulated retort 
nnd add four times its weight of pure sulphuric acid. The retort 
should not be more than one-thirti fiill. Ueat slowly tili the mix- 
ture is homogeneous, and then placing a fiinnel tube in the tubu- 
läre of the retort and gently increasing the temperature, add nitrie 
acid gradually. The object of this first Operation is to decompose 
Chlorides, which will take about half an nour. Now remove the 
mixture to a platinum dish and heat tili the sulphuric acid, which 
by degrees loses its black color and turns orange or red, begins to 
escape. Add more nitrie ucid in small portions ; after each addition 
the fluid will be decolorized, but it again turns darker on further 
heating. Continue adding nitrie acid until no more coloration 
occurs, and finally expel tlie sulphuric acid, when you will obtain 
H suline mass to be analysed in the usual way. If Uie heat is mo- 
ierated towards the end, according to Millon none of the arsenic 
or mercury will be lost; but this cannot be depended on when 
much cbloridcs are present. 

ö. To separate salts from colloid organic matter, dialysis is very 
convenient.f The substance is sometimes first warmed with nitrie 
ucid or with chlorate of potassa and hydrochloric acid. (Compare 

2. Detection oflnorganic Paisons in Articles of Fooäy tu Bead 
BadieSy t^c, in Chemico-legal (Joses, X 

§ 222. 

The cbeuist is sometimes called upon to examine an article of 286 
food, the Contents of a stomach, a dead body, &c., with a view to 
detect the presence of some poison, and thus to establish the fact 
of poisoning; but it is more frequently the case that the question 
put to him is of a less general nature, and that he is called upon to 
(letermine whether a certain substance placed before him contains 
a metallic poison; or, more pointedly still, whether it contains 
arsenic or nydrocyanic acid, or some other particular poison — as 

• Journ. de Pharm, et de China. 46. 83. Zeitschr. f. anal Chem. 4, 208. 

t Compare 0. Kjcvkil» Zeitachr. f. anal. Chem. 4, 266 ; Bizio, Ihid. 5, 51 ; Rikdlrki, 
Ihid. 7, 517. 

X Couiparo Fuksbnius, Ann. d. Chem. o. Pharm. 49, 275 ; and Faiaisios and 
T. Babo, Aon. d. Cham. o. Pharm. 49, 2287. 
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it maj be that the Symptoms point clearly in the directdon of that 
poison, or that the examininuf ma^strate has, or believes he has, 
8ome other reason to put this question. 

It 18 obvious that tue task of the chemist will be the easier, the 
more special and pointed the question which is put to him. How- 
ever, tne analyst will always act most wisely, even in cases where 
he is simply requested to State whether a cerlain poison, e,g, arsenic. 
is present or not, if . he adopts a course of proceeding which will 
not only permit the detection of the one poison specially named, 
the presence of which may perhaps be suspected on insufficient 
grounds, but will moreoyer iniorm him as to the presence or absence 
of other similar poisons. 

But we must not go too far in this direction either ; if we 
were to attempt to deyise a method that shonld embrace all poisons, 
we might unquestionably succeed in elaboratin^ such a method at 
the writing-desk ; but practical experience would but too speedily 
conyince us that the intricate complexity inseparable from such a 
course, must necessarily impede the easy execution of the process, 
and impair the certainty of the results, to such an extent indeed, 
that the drawbacks would be greater than the adyantages derivable 
from it. 

Moreoyer, the attendant circumstances permit usually at least 
a tolerably safe inference as to the group to which the poison 
belongs. Acting on these yiews, I give here, — 

1. A method which ensuresthe detection of the minutest traces 
of arsenic, allows of its qunntitatiye determination, and permits at 
the same time the detection of all other metallic poisons. 

2. A method to effect the detection of hydrocyanic acid, which 
leayes the substance still fit to be examined both for metallic poisons 
and for alkaloids. 

3. A method to effect the detection of phosphoms, which does 
not interfere with the examination for other poisons. 

This part of the work does not, therefore, profess to supply a 
complete guide in every possible case of chemico-legal investi- 
gations. jBut the Instructions giyen in it are the tried and proyed 
results of my own practice. Moreover, they will generally be 
found sufficient, the more so as in the Section on the alkaloids, I 
give the description of the best processes by which the detection of 
these latter poisons in criminal cases may be efiected. 

Where you haye no indicatiuns at all of the sort of poison to 
be looked for, begin by carefiilly inspecting the substance with the 
aid of a microscope if necessary, by noting the odor, reaction, &c., 
and then if the circumstances do not point to examining ditterent 
portions for the different classes of poisons, proceed to test for hy- 
drocyanic acid and phosphorus (a distillation usually suffices K)r 
the detection of both;, aiterwards for alkaloids, and finally for me- 
tallic poisons. As an obvious matter of caution, you should always 
reserve one-third of the substance, aft;er weighing and mixing, for 
contingencies. 
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I. Method for THE Detection of Arsenic (with düe Re- 

OARD TO THE POSSIBLE PrESENCE OF OTHER MeTALLIC PoISONS). 

§223. 

Of all metallic poisons arsenic is the most dangerous, and at 287 
the same time the one most frequently used, more particularly for 
the wilful poisoning* of others. And again, among the Compounds 
of arsenic, arsenious acid occupies the first place, because it kills 
even in small doses, it does not betray itself, or at least very 
slightly, by the taste, and it is but too readily procurable. 

As arsenious acid dissolves in water only sparingly, and— on 
account of the difficulty with which moisture adneres to it — ^very 
slowly, the greater portion of the quantity swallowed exists usually 
in the body still in the undissolvea State ; as, moreover, the small- 
est grains of it may be readily detected by means of an exceedingly 
simple experiment ; and lastly, as — no matter what opinion may 
be entertained about the normal presence of arsenic in the bones, 
&c, — this much is certain, that arsenious acid in grains ar pawder is 
never normally present in the body, the particular care and efforts 
of the analyst ought always to be directed to the detection of the 
arsenious acid in substance — and this end may indeed usually be 
attained. 

A, Method for the Detection of undissolved Arsenious Acid, 

1. If you have to examine food, vomit, or some other matter of 288 
the kind, after weighing it mix the whole as uniformly as may be 
practicable, reserve one-third for contins^encies, and mix the other 
two-thirds in a porcelain dish with distilled water, with a stirring 
rod ; let the mixture stand a little, then pour off the fluid, together 
with the lighter suspended particles, into another porcelain dish. 
Kepeat this latter Operation several times, if possible with the same 
fluid, pouring it from the second dish back into the flrst and so on. 
Finally, wash once more with pure water, best in a glass dish, re- 
move the fluid as far as practicable, and try whether you can find 

in the dish small, white, hard grains whicn feel ffritty under the 
glass rod. If not proceed as directed § 224 or § 225. But if so, 
pick out the grains, or some of them, with a pair of pincers, or 
wafch them if they are very minute in a watch-glass, dry, weigh 
them, and heat a small portion in a glass tube, another small por- 
tion with a splinter of cnarcoal (compare § 132, 2 and 11). If you 
obtain in the former experiment a white sparkHng Sublimate con- 
sisting of octahedrons and tetrahedrons, m the iatter experiment 
an arsenical mirror, you are quite safe in concluding that the grains 
consist of arsenious acid. If you wish to determine the quantity of 
the arsenic, or to test for other metallic poisons, unite the contents 
of both dishes, and proceed as directed § 224 or § 225. 

2. If a stomach is submitted to you for analysis, empty the 
Contents into a porcelain dish, tum the stomach inside out, and (a), 
search the inside coat for small, white, hard, sandy grains. The 
spots occupied by such grains are often reddened ; the grains are 
also frequently tound finnig imbedded in the membrane. {b) Mix 

the Contents in the dish uniformly, weigh them, put aside one-third \ 
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for continf^encies, and treat the other two-thirds as in 1. The 
same course is pursued also with the intestines. In other parts of 
the bodj — with the exception perhaps of the pharynx and cBSopha- 
pis — arsenious acid cannot be founa in grains, if the poison has 
oeen introduced through the mouth. If you have founa grains of 
the kind described, examine tbem as directed in 1 ; if not, or if 
you wish to test also for other metallic poisons^ proceed according 
to § 224 or § 225. 

B, Method of detecting solüble Ärsenical and other MetaUU Com-' 

pounds hf means of Dialysis, 

§224. 

If method A has failed to show the presence of arsenious acid 289 
in the solid State, and the process described in § 225, in which the 
organic substances are totally destroyed by chlorate of potassa and 
hydrochloric acid, is at once resorted to, the Operator must, of 
course, in the event of the presence of arsenic being revealed, g^ve 
up «11 notion of ascertaining, as far as the portion operated upon is 
concerned, in what form the poison has been admimstered ; as the 
process will give a Solution containing arsenic acid, no matter 
whether the poison was originally present in that form, or as ar- 
senious acid, or as sulphide, or in the metallic State, &c, This 
defect mav be remedied, however, by interpolating a dialytic ex- 
periment between A and C, 

The experiment requires the apparatus shown in § 8, fig ö. 
The hoop is made of wood or, better, of gutta percha ; it is 2 inches 
in depth, and 8 or 10 inches in diameter. The residue and fluid 
of § 223, A, having been mixed according to the circumstances with 
two-thirds of the stomach, intestinal canal, &c., cut small, and di- 
gested for twenty-four hours at about 32°, is poured into the dia- 
lyser to a depth of not more than half an inch. The dialyser is 
then floated in a basin containing about 4 times as much water as 
the fluid to be dialysed amounts to. After 24 hours one-half or 
three-fourths of the crystalloids will be found in the external water, 
which generally appears colorless. Concentrate this by evapora- 
tion on the water-oath, acidify the greater part with hydrochloric 
acid, treut with sulphuretted hydrogen, and proceed generally as 
directed 291 ^ ^^- If an ärsenical Compound soluble in water 
(or some other soluble metallic salt) is present, the corresponding 
sulphide is obtained almost pure. By floating the dialyser suc- 
cessively on fresh supplies of water, the whole of the soluble 
crystalloids present may finally be withdrawn. If arsenic is found, 
test the remainder of the concentrated dialysate according to § 134, 
9, to See whether arsenious or arsenic acid is present. 

It is generally best to examine the exhausted contents of the 
dialyser at once according to § 225 for metals, but in some cases, 
as for instance when you wish to determine the State of oxidation 
or combination of Compounds of arsenic or other metals, it is pre- 
ferable to heat the matter first with dilute hydrochloric acid and to 
dialyse it again. 

Instead of interpolating the dialysis at this stage, you may wait 
tili the close of C^ and then if a metallic poison has been found and 
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you wish to ascertain its State of combination^ you may recnr to 
tliis Paragraph; nsing the reser^ed one-third for the experiment. 

C. Method for the Detection of Arsenie in whatever Form it may eontt, 
which aUjws also of its Quantitative Determinatiany and of the Detee- 
tion of all other Metallie Poisons.* 

§ 22Ö. 

If YOU have found no arsenious acid in siibstance by the 
method described in Ä, nor a soluble arsenic Compound by dialysis, 
evaporate the mass in the porcelain dish, on the water-bath^ to a 
pasty consistence ; adding, if occasion requires^ two-thirds of the 
Htomach and intestines cut small, provided this has not been done 
nlready in the process of dialysis. 

In examining other parts of the body (the lun^, liver, &c.), 
cut them also into small pieces^ and use two-thirds lor the analysis. 

The process is divided into nine parts.f 

1. Decolaration and Solution. 

Add to the matters in the porcelain dish, which *may amount 290 
to, say 100 or 260 srammes, an amount of hydrochloric acid of 1*12 
sp. gT., about equal to or somewhat exceeoing the weight of the 
dry substances present, and sufBcient water to give to the entire mass 
the consistence of a thin paste. The quantity of hydrochloric acid 
added should never exceed one-third of the entire liquid present. 
Heat the dish now on the water-bath, adding every fiye minutes 
nbout two grammes of chlorate of potassa to the not fluid, with 
stirrin^y until the Contents of the dish are light yellow, and also 
l>erfectly homogeneous and fluid; replace the evaporating water 
from time to time. When this point is attained. add again a portion 
of chlorate of potassa, and then remoye the dish from the water- 
bath. When the Contents are quite cold, transfer them cautiously 
to a linen strainer or a white Alter, according to the quantity ; 
iillow the whole of the fluid to pass through, and heat the flltrate 
on the water-bath with renewal of the evaporating water, until the 
smell of chlorine has gone ofi^ or nearly so. Wash the residue well 
with hot water, and dry it ; then mark it I., and reserve for further 
examination, according to 303- Evaporate the washing^ on the 
water-bath to about 100 grammes, add this, together with any 
precipitate that may have fermed therein, to the principal flltrate. 

2. Treatment of the Solution with Hydrosnlphurie Acid (Separation 291 
of the Arsenic as Tersulphide, and of all the Metals ot Groups 
V. and VI. in forms of Sulphides). 

Transfer the fluid obtained in 1, which amounts to three or 
four times the quantity of the hydrochloric acid used, to a flask, 
heat this on the water-bath to 70'', and transmit through it, for 

* Tbis method is esseniially the same as that which was pnblished in 1844 by 
L. V. Babo and myself ; oompare Ann. d. Chem. u. Pharm., 49, 808. I hare since 
that time had ft«qaent oocasion to apply it ; I hare also had it tried by others, under 
iny o wn inspection, and / have invarCoMy fownd it to aiuwer the purp09e perfecUg, 

t I neea hardly obserre, that in an analysis of this kind, too mach oare oannot be 
takei to insuTd the parity of the reagests and the deanlinesa of the apparatut. 
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about 12 hours^ a slow stream of washed hydrosulphuric acid, then 
let the mixture cool, continuing the transmission of th() ^as; rinse 
the delivery pipe with some ammonia, add the ammoniated Solution 
thus obtainea, after acidifying, to the principal fluid, cover the 
flask lightly with unsized paper, and put it in a moderatelj warm 
place (about 30**) until the odor of hydrosulphuric acid has nearly 
disappeared. Collect the precipitate obtained in this manner on a 
filter, and wash with water containing hydrosulphuric acid until 
the washings are quite free from chlorine. Concentrate the filtrate 
and washings. If a precipitate forms, filter it off, wash and add 
it to the principal nydrosulphuric acid precipitate. Mix the 
concentrated fluid in a proper sized flask with ammonia to alka- 
line reaction, then with sulphide of ammonium^ closely cork the 
flask, which must now be nearlv füll, and reserve it for fiirther 
examination according to 307* 

3. Purification of the Precipitate produeed hy Hydrosulphuric Add. 292 

The precipitate obtained in 3 contains the whole of the arsenic 
and all tne other metals of the fifth and sixtb groups^ in the form 
of sulphides, and also organic matter and free sulphur. Dry it 
with the filter completely in a small dish, over the water*bath^ add 
pure fuming nitric acid (free from chlorine)^ drop by drop, until 
the mass is completely moistened, then evaporate on the water- 
bath to dryness. Moisten the residue uniformly all over with pure 
concentrated sulphuric acid, previously warmea ; then heat ibr two 
or three hours on the water-bath, and finallv with an air- sand- or 
oil-bath at a somewhat higher, though still moderate temperature 
(170°), until the charred mass becomes friable, and a small sample 
of it — to be retumed afterwards to the mass — when mixed with 
water and then allowed to subside, gives a colorless fluid ; should the 
aaueous fluid be brownish, or should the residue consist of a brown 
oily liquid, add to the mass some cuttings of pure Swedish filtering- 

Eaper, and continue the application of heat. Yöu may raise the 
eat tili Aimes of sulphuric acid begin to escape without fear of 
loss of arsenic. By attending to these rules you will always com- 
pletely attain the object in view, viz., the destruction of the 
organic substances, without loss of any of the metals. Warm the 
residue on the water-bath with a mixture of 8 parts of water and 
1 part of hydrochloric acid, filter, wash the undissolved part 
thorou^hly with hot water, containing a little hydrochloric acid, 
and ada the washings, concentrated if necessary, to the filtrate. 

Dry the washea carbonaceous residue, then mark it II., and 
reserve it for fiirther examination according to 304, 

4. Preliminary Examination for Arsenic and other Afetallic Poisons of 293 
Oroups V, and VI. (Second Precipitation with Hydrosulphuric 
Acid.) 

The clear and colorless or, at the most, somewhat yellowish 
fluid obtained in 3 contains all the arsenic in form of arsenious 
acid, and may contain abo tin, antimony, mercury, oopper. bismuth, 
and cadmium. Snpersatorate a smau portion gradually with a 
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mixtnre of carbonate of ammonia and ammonia, and obsenre 
whether a precipitate is produced, acidiiy with hydrochloric acid, 
which will redissolve the precipitate tbat maj have been produced 
hy ammonia ; tben return tbe sample to tbe principai fluid, and 
treat the latter with hjdrosulphuric acid, first at a gentle heat^ 
afterwards without heat, according to 291. 

This process may lead to three di£ferent results, which are to 
be carefully distinguisbed. 

a, The hydrosvlphurie addfaüs to produce a precipitate ; but on 294 
Standing a trifling white or yellowish-white precipitate sepa- 
rates. In this case probably no metals of Groups V. and VI. are 
present. Nevertheless, treat the filtered and washed precipi- 
tate as directed 297? to guard against overlooking even the 
minutest traces of arsenic, &c, 

b, Ä precipitate is formed, of a pure yellow color ; like that of 295 
tersulphide of arsenic. Take a small portion of the fluid, 
together with the precipitate suspendea therein, add some 
ammonia^ and shake for some time without heating. If the 
precipitate dissolves readily and, with the exception of a trace 

of siilphur, completely, ana if in the preliminary examination, 
(293) carbonate of ammonia has failed to produce a precipi- 
tate, arsenic alone is present, and no other metal (at least, if 
an^ tin or antimony is present, it is not worth mentioning). 
Mix the Solution of the small sample in ammonia, with hydro- 
chloric acid to acid reaction, return this to the fluid containing 
the principai precipitate and proceed as directed 297- ^^y on 
the other band, the addition of ammonia to the sample com- 
pletely or partially fails to redissolve the precipitate, or if, in 
the prelimmary examination (293)> carbonate of ammonia has 
produced a precipitate, there is reason to suppose that 
another metal is present, perhaps with arsenic. In this latter 
case also, add to the sample in the test-tube hydrochloric acid 
to acid reaction, return it to the fluid containing the principai 
precipitate, and proceed as directed 298. 

c, A precipitate isformed of another color. In that case you 296 
have to assume that other metals are present, perhaps with 
arsenic. Proceed as directed 298* 

5. Treatment of the Yellow Precipitate produced hy Hydrosulphurie Acid, 297 
when the Besvlts of 295 ^^ ^o the Assiimptian that Arsenic ahme is 
present, (Determination of the Weight of the Arsenic.) 

As soon as the fluid precipitated according to 293 has nearly 
lost the smell of sulphuretted hydrogen, collect the yellow precipi- 
tate on a small Alter, wash thorougnly, pour upon the still moist 
precipitate Solution of ammonia, and wash the hlter — on which, in 
this case, nothing must remain undissolved, except some sulphur — 
thoroughly with dilute ammonia ; evaporate the fluid in a small 
accurately tared porcelain dish, on the water-bath and dry the 
residue at 100° until the weight is constant. The final weight 
represents the quantity of sulphide of arsenic if upon the 
Rubsequent reduction this is founa to be pure ; in that case, multi- 
ply the weight by '8049 to obtain the corresponding amount of arse- 
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nious acid, or by '6098 to obtain the corresponding amount of me- 
tallic arsenic. Treat the residue in the disn according to 300« 

6. Treatment ofthe Yellaw Precipitate produeed hf Hydrosulpkurie Äcidy 298 
Tvhen the liesults ^295 or 296 lead to the Ässumptian that another 
Metal is present — perhaps with Arsenic. (Separation of the Metals 

I from each other. Determination of the Weight of the Arsenic.) 

Jf you have reason to suppose that the fluid precipitated accord- 
ing to 293 contains other metals, perhaps with arsenic^ proceed as 
follows : — As soon as the preeipitation is thoroughly accomplished, 
and the smell of sulphuretted hydro^en has nearly gone ofi^ collect 
the precipitate on a small filter, wash thoroughly, pierce the filter, 
and wasn all the precipitate into a small flasK, using the least 
possible quantity of water; add to the fluid in which the pre- 
cipitate is now suspended, first ammonia, then some yellowish 
sulphide of ammonium, and let the mixture digest for some 
time at a gentle heat. Should part of the precipitate remain un- 
dissolved, Alter this ofll wash, pierce the filter. rinse off the residuary 
precipitate, mark it III., and reserve for furtner examination accor- 
ding to 305* Evaporate the filtrate, together with the washings, 
in a small porcelain dish to dryness. Treat the residue with some 
pure fuming nitric acid (free from chlorine), nearly drive off the 
acid by evaporation, then add, as G. Meyer was the first to recom- 
mend, a Solution of pure carbonate of soda, in small portions tili in 
excess. Add now a mixture of 1 part of carbonate and 2 parts of 
nitrate of soda in sufficient, yet not excessive quantity, eyaporate to 
dryness, and heat the residue very gradually to frision. Let the 
fused mass cool, and take it up with cold water. If a residue re- 299 
mains undissolved, filter, wash with a mixture of equal parts of 
spirit of wine and water, mark it IV., and reserve for further exami- 
nation, according to 306* Mix the Solution which contains all the 
arsenic as arsenate of soda, with the washings, previously freed 
from alcohol by evaporation, add cauüously pure dilute sulphuric 
acid to strongly acid reaction, evaporate in a small porcelain dish, 
and, when the fluid is strongly concentrated, add again sulphuric 
acid, to see whether the quantity first added has been sufBcient to ex- 
nel all nitric acid and nitrous acid ) heat now cautiously until heavy 
iiimes of hydrated sulphuric acid begin to escape; then let the liquid 
cool, add water, transfer the Solution to a small flask, keep heated 
at 70^, and conduct into it for at least 6 hours, a slow stream of 
washed hvdrosulphuric acid. Let the mixture finally cool, con- 
tinuing tne transmission of the gas all the while. If arsenic is 
present, a yellow precipitate will form. When the precipitate has 
completely subsided, and the fluid has nearly lost the smell of sul- 
phuretted hydrogen, filter, wash the precipitate, dry it, extract the 
free sulphur witn pure bisulphide of carbon, dissolve in ammonia, 
and treat the Solution according to 297^ i^ order to determine 
the weight of the arsenic. 

7. Beduetian qf the Sulphide oj Ärsenie. 

The production of metallic arsenic from the sulphide, which 300 
may be regarded as the keystone of the whole process, demands 
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the (freatest care and attention. The method recommended § 132, 
12, viz,, to fiiBe the anenical Compound, mized with CTanide of 
potassium and carboaate of soda. in a slow stream of carbonic acid 
gBB, is the best and safest, aflbraing, besideH the advantage of great 
accuracy, also a positive guaraatee against the chance ofconfonnd- 
ing the araenic with any other hody, more particularly antimony ; 
on whioh acconnt it is more egpeciallj adspted for medico-legal 
inveatiffatioQS. 

Take care to have the whole apparatns filled with carbonic acid, 
and to ^ve the proper degree 
of force to the gaaeoua stream, 
before applying heat. Instead 
of the gas generatüiff appa- 
ratns shown ^ 132, IS, yon 
maj use the simpler one fi^red 
in the margiu ; the clip beiug 
provided with an aojuBting 
Bcrew, and the stoppers being 
of caoutchoiic. A gas gene- 
rating apparatus wEich does 
not allow of the cnrrent being 
regulat«d is not adapted for 
the present purpose. 

Do not reduce the whole of 
the sulphide of arsenic at once, 
BO that if Jon wish aflerwards 
you may repeat the reduction 
several times. If there is too 
little sulphide of arsenic to be 
divided, dissolve it in a few 
drops of ammonia, add a small 
quantity of carbonate of soda, 
evaporate to dryness on the water-bath with stirnug and take a 
portion of the mass for the reduction. 

Otto recommends* to convert the snlphide into arsenic acid, 301 
before proceeding to the reduction. The following is the pro* 
cess given by him to effect the conversion : Pour concentrated 
nitric acid orer the sulphide in the dish, evaporate, and repeat the 
same Operation several times if necessary, then remove every trace 
of nitric acid by repeatedly moistening the residue with water, and 
drying ag^ain, treat the residue with a few drops of water, add car- 
bonate of soda in powder, to form an alkaline mass, and tborou^hly 
dry this in the dish, with frequent stirring, taking care to collect 
the mass within the least possible Space in the middle of the dish. 
The dry mass thus ohtained is admirablv adapted for reduction. 
1 can fitUy confirm this Statement ; but I must once more repeat 
that it is indispensable for the success of the Operation that the 
residue should be perfectly free from evejy trace of nitric add or 
nitrate, since otherwise dÖQagratioa is snre to take place during 
the fasion with Cyanide of potassium, and, of conrse, the experimeat 
will &il. 

* AnMtnng iitr AMmitlaloi^ du- Qifte, von Dt. Fa. Jdl. Ono. 
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When the Operation is finished, cut off the reduction tabe at e 302 
(flg. 45), set aside the fore part^ which contains the arsenical mirror^ 
put the other part of the tube into a cylinder^ pour water over it. 
and let it stand some time ; then filter the Solution obtained, add 
to the filtrate hjdrochloric acid to acid reaction ; then conduct some 
hydrosulphuric acid into it^ and obserre whether this produces a 




Fig. 45. 

Erecipitate. In cases where the reduction of the sulphide of arsenic 
as been effected directly, without previous conversion to arsenic 
acid, a trifling yellow precipitate wül usually form ; had traces of 
antimony been present, the precipitate would be orange-colored and 
insoluble in caroonate of ammonia. After all the soluble salts of 
the fused mass have been dissolved out, examine the metallic 
residue which may be left, for traces of tin and antimony (nothing 
but traces of these two metals could be present here if t&e instruc- • 
tions given have been strictly followed). Should appreciable traces 
of these metals, or either of them, be found, proper allowance 
must be made for this in calculating the weight of the arsenic. 

8. Hxamination qfthe reserved ResidueSyfor other Metals ofthe 

lyth and Sixth Graups, 

Residtte I. This may contain chloride of silver and sulphate of 303 
lead, possibly also binoxide of tin and sulphate of barium. Incine- 
rate it in a porcelain dish, bum the carbon with the aid of nitrate of 
ammonia, extract the residue with water, dry the part left undis- 
solved, then fiise it with carbonate of soda and Cyanide of potas- 
sium in a porcehun crucible. When cold exhaust with water, treat 
the residue with dilute acetic acid to extract any carbonate of 
baryta, warm any residue which may still be left with nitric acid, 
and proceed according to § 181. Test the acetic acid Solution for 
baryta with Solution of sulphate of lime. 

Residue IL This may contain lead, mercury, and tin, possibly 304 
also, antimony and bismuth. Heat it for some time witn nitro- 
hydrochloric acid, and filter the Solution ; wash the residue with 
water, at first mixed with some hydrochloric acid, add the washings 
to the filtrate, and treat the mixture with hydrosulphuric acid. 
Should a precipitate form, examine it according to § 191 . Incinerate 
the residue insoluble in nitrohydrochloric acid, fuse the ash with 
Cyanide of potassium and treat the ftised mass as directed 303- 

Residue III, Examine for the metals ofthe fifth group according 305 
to § 193. 

Residue IV, This may contain tin and antimony. perhaps also 306 
eopper. Treat it as directed 123* If the color of tue residue was 
black (oxide of eopper), treat the reduced metals according to § 181. 
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9. Examinatum of the reserved filtrate for Metals of tke Third and 
Faurth Groupsy especiaUyfor Zinc, Chramium, and ThaUium,* 

a. The filtrate from the hjdrosidphuric acid precipitate, has 307 
already heen mixed with sulphide ot ammonium. The addition 

of this reagent is usually attended with the fonnation of a 
precipitate consistinsf of sulphide of iron and phosphate of lime, 
but which may possihlj also contain sulphide of zinc, sulphide 
of thallium ana hydrated oxide of chromium. Filter it off, wa^ 
with water coDtaininjfs; sulphide of ammonium, dissolve by 
warming with hydrochloric acid and a little nitric acid, evapo- 
rate the filtrate with sulphuric acid in a retort tili quite thick, 
and test the distillate with iodide of potassium and bichloride 
of platinum, and also in the spectroscope, for thallium 
(§ 113, b)y as a portion of this metal may have escaped with 
the hydrochlonc acid. Treat the residue in the retort with 
water, filter, add carbonate of soda to alkaline reaction, 
and then excess of Solution of Cyanide of potassium (free from 
sulphide). Heat for some time, filter, reserve the residue on 
the filter (a), mix the filtrate with sulphide of ammonium, 
and examine die precipitate for thallium in the spectroscope. 
Evaporate the nltrate together with the residue a under a 
et)oa draught with excess of sulphuric acid, tili some of the 
latter begins to escape, dilute, filter, throw down with ammonia 
and sulphide of ammonium, and test the precipitate for zinc 
and SESQUioxiDE of chromium according to 156 — 159* 

b. The fiuid filtered from the precipitate produced by sul- 308 
phide of ammonium (307) naay contain all the chromium, as 
sulphide of ammonium fails to precipitate sesquioxide of chro- 
mium completely from Solutions containing organic matter. 

To detect it, evaporate to dryness, ignite, mix the fixed residue 
with 3 parts of chlorate of potassa and 1 part of carbonate of 
soda, and project the mixture into a crucible heated to mode- 
rate redness. Allow the mass to cool, and boil with water^ 
when a yellow coloration of the fiuid will indicate chromium. 
For contirmatory tests see § 138. 

II. Method for the Detection of Hydrocyanic Acid. 

§226. 

Under the term hydrocyanic acid we include Cyanide of potas- 309 
sium, which acts in the same way, and being extensively used in the 
arts is much more readily procurable. As hydrocyanic acid may 
casily decompose in presence of the matter of food or the Contents 
of the stomach, the analyst must proceed without unnecessary 
delay. However, the acid does not decompose with such extreme 
rapidity as might be imagined, and in fiäct it is some time before the 
whole of it is lostt 

* With reference to the poiBonooB aoiion of thmllium, compare Lamt, Joum. t 
prakti Chem. 91, 866. And for the electrolytic method of disooyerlDg thaUium in 
cheinico-legal oasee, see M^BMi, Zeitechr. f. anal. Chem. 6, 608. 

t Thus I.Bucceeded in separating a notahle quantity of hydrooyanio acid from the 
storaach of a man who had poiaoneid himaelf with that acid in yery hot weather, and 
whoae intectines were not bfÄded to me tili 86 honn after death. Again, a dog wai 
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Ahhou^h hjdrocyanic acid betrajs its presence^ even io minute 
quantities^ oy its odor, still this sigpn must never be looked upon 
as conclusive. On the contrary, to adduce positive proof of the 
presence of the acid, it is always indispensable to separate it^ and to 
convert it into certain known Compounds. 

The method of accomplishing this, which I am about to de- 
scribe, is based upon distiilation of the acidified mass, and examina- 
tion of the distillate for hydrocyanic acid. Now, as the non- 
poisonous salts, ferro- and ferricyanide of potassium, give by 
distiilation likewise a product containing hydrocyanic acid, it is 
indispensable — as Otto observes — first to ascertain whether one of 
these salts may not be present. To this end, stir a small portion 
of the mass to be examined with water, filter, acidify the filtrate 
with hydrochloric acid, and test a portion of it with sesquichloride of 
iron, another with sulphate ofprotoxide ofiron. ,If no blueprecipi- 
tate or coloration forms in either, soluble ferro- and ferricyanides 
are not present, and you may safely proceed as foUows. If a re- 
action is obtained proceed according to 314« 

Test, in the first place, the reaction of the mass under examina- 310 
tion ; if necessary, after mixin^ and stirring* it with water. If it is 
not already strons'ly acid, add Solution of tartaric acid until the 
Üuid stron^ly reddens litmus-paper ; introduce the mixture into a 
retort, and place the body of tne retort, with the neck pointing* 
upwards, in an iron or copper vessel, the bottom of which is covered 
with a cloth ; fiU the vessel with a Solution of chloride of calcium, 
and apply heat, so as to cause g^ntle ebullition of the Contents of 
the retort. Conduct the vapors passing over, with the aid of a 
tight-fitting tube, bent at a very obtuse angle, through a Liebig's 
condenser,^ and receive the distillate in a small weighed flask. 
When about 15 c.c. of distillate has passed over, remove the 
receiver, and replace it by a somewhat larger flask, also previously 
tared. Weigh the contents of the first receiver now, and proceed 
as follows : 

a. Mix one-fourth with potassa to strongly alkaline re- 311 
action, add a small quantity of Solution of sulphate of prot- 
oxide of iron, mixed with a little sesquichloride of iron, digest 

a few minutes at a very gentle heat, and supersaturate finally 
with hydrochloric acid. A blue precipitate indicates hydro- 
cyanic acid. If only a very small quantity is present the fluid 
is at first merely colored greenish, out on Standing it will de- 
posit blue flakes. 

b. Treat another fourth as directed § 155, 7, to convert the 312 
hydrocyanic acid into sulphocyanide of iron. As the distillate 
might, however, contain acetic acid, do not neglect to add at 
the end of the process a little more hydrochloric acid, in order 

to destroy the mfluence of the acetate of ammonia. 

e, If the experiments a and b have demonstrated the pre- 313 
sence of hydrocyanic acid, and you wish now also to approxi- 

poisoned with hydrocyanic «cid, and the contents of the stomach, rotzed with the 
blood, were left for 24 houra expoeed to an intense Buiumer heat^ and ihen examined : 
tbe acid was still deteeied. 

* In teeting for phoephorus at the same time, the condenser mnat be entirely of 
glas», and the Operation matt be conduoted in a perfectly darlc room, Compare 818. 
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mately determine its quantitj, continue the distillation as loii|^ 
as the fluid passing over contains hjdrocyanic acid ; add one- 
half of the contents of the second Teceiver to tbe remainiiig 
half of the contents of the first, mix the fluid with nitrate of 
silver, then with ammonia in excess, and finallj with nitric 
acid to stronglj acid reaction. Allow the precipitate which 
forms to subside, collect on a tared Alter dried at 100^, wash 
the precipitate, dry it thoroughlv at 100°, and weigh. Ignite 
the weighed precipitate in a smalf porcelain crucible, to destroj 
the Cyanide of silver, fiise the residue with carbonate of soda 
and potassa (to effect the decomposition of the chloride of silver 
which it may contain), boil the mass with water, filter, acidify 
the filtrate with nitric acid^ aud precipitate with nitrate of 
silver ; determine the weight of the chloride of silyer which 
may precipitate, and deduct the amount found from the total 
weight of the chloride and Cyanide of silver. The diflerence 
gives the quantity of the latter ; by multiplying this by '2017, 
you flnd the corresponding amount of anhydrous hydrocyanic 
acid ; and by multiplying this again by 2 — as only one-half of 
the distillate has been used — ^you find the total quantity of 
hydrocyanic acid which was present in the examined mass. In- 
stead of decomposing the fiised silver precipitate by fusion with 
carbonate of soda and potassa, it may oe reduced also by means 
of zinc, with addition of dilute sulpnuric acid, and the chlorine 
determined in the filtrate. 

Instead of pursuing this indirect method, you may also 
determine the quantity of the hydrocyanic acid by the fbl- 
lowing direct method : introduce half of the distillate into a 
retort, together with powdered borax ; distil to a small residue, 
and determine the hydrocyanic acid in the distillate as Cyanide 
of silver. Hydrochloric acid can no longer be present in this 
distillate, as the boräx retains it in the retort (Wackbn roder). 
When ferro- or ferricyanides have been detected, J. Otto 314 
recommends to slightly acidify the mass, to add precipitated car- 
bonate of lime in excess and to distil it at 40° or 50° on a water- 
bath. The hydroferro- and hydroferricyanic acids are retained by 
the lime of the carbonate of lime, the hydrocyanic acid distils 
over. The distillation cannot be eflected directly over the flame, 
as hydrocyanic acid would pass into the distillate even when fer- 
rocyanides or ferricyanides alone were present. 

III. Method for the Detection of Phosphorus. 

§227. 

Since phosphorus paste has been employed to poison mice, <&c., 315 
and the poisonous action of lucifer matches has become more ex« 
tensively known, phosphorus has not unfrequently been resorted to 
as an agent for committing murder. The chemist is therefore 
occasionally called upon to examine some article of food, or the con- 
tents of a stomach, for this substance. It is obvious tbat, in caaes 
of the kind, bis whole attention must be directed to the Separation 
of the phosphorus in ihefree State, or to the production of such re- 
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actions as will eoable bim to infer the presence o{ firee phagpharw; 
since the mere finding of phosphorus in form of phosphates woiild 
prove nothing, as phosphates invariably form constituents of animal 
and vegetable bodies. 

A. Detection of ühoxidized Phosph&ms. 

1. Ascertain in the first place whether the presence of phos- 316 
phorus is indicated by its smell, or hj its luminosity in the dark. 

To this end take care to increase the contactof the phosphorus with 
the air, bj rubbing, stirring, or shaking. 

2. Put a little of the substance into a flask, fasten to the loosely 317 
inserted cork a strip of filterin g-paper moistened with neutral Solu- 
tion of nitrate of silver, tnd heat to 60° or 40**. If the paper does 
not turn black, even after some time, no unoxidized phospnorus is 
present, and there is consequentlj no need to try 3 and 4, but the 
Operator may at once pass on to 324* If^ on the other band, the 
paper turns black, this is no positive proof of the presence of phos- 
phorus, as hydrosulphuric acid, formic acid, putrifying matters, 
&c., will also cause blackening of the paper. Treat therefore the 
principal mass of the substance now by tue methods 3 and 4. (To 
ascertain whether the blackening proceeds from the presence of 
hydrosulphuric acid, try the reaction with a strip of paper moistened 
with Solution of lead or with terchloride of antimony.)— T. 
Scherer.* 

3. As the luminosity of phosphorus is always one of the most 318 
striking proofs of the presence of that element in the unoxidized 
State, examine a large portion of the substance by the foUowing 
excellent and approved method, reconmiended by E. Mitscher- 

LICH.t 

Mix the substance with water and some sulphuric acid or — ^if 
you are testing for hydrocyanic acid at the same time — tartaric acid, 
and subject the mixture to distillation in a ilask, A (fig. 46). This 
flask is connected with an evolution tube, b, and the lattcr again 
with a glass condensing tube, c c c, which passes through the 
bottom of a cylinder, B, in which it is fastened by means of a cork, 
and opens into a glass vessel, C, Cold water is made to run from 
J) through a stopcock, into a funnel, i, the lower end of which rests 
upon the bottom of B ; the water ilows off through ^.t 

Now, if the substance in A contains phosphorus, tnere will ap- 
pear, in the dark, at the point r, a streng luminosity, usually a 
luminous ring. If you take for distillation 150 grm. of a mixture 
containing only l'ö mgrm. of phosphorus, and accordingly only 1 
part in 100,000, you may distil over 90 grm., which will take at least 
half an hour — without the luminosity ceasing. Mitscherlich, in 
one of bis experiments, stopped the distillation after half an hour, 
allowed the flask to standf uncorked a fortnight, and then recom- 
menced the distillation : the luminosity was as streng as at first. 

If the fluid contains substances which prevent the luminosity of 
phosphorus, such as ether, alcohol, or oil of turpentine, no lummo- 
sity IS observed so long as these substances continue to distil over. 

• Ann. d. Ohem. n. Pbarm. 112, 214. t Joorn. f. prakt Chem. 66, 288. 

$ A glaiM LiXBia'B oondenaer may of ooone be uted instoad of this api^aratoA* 
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In the case of etber aod alcohol, howerer, thJs is soon efiected, ud 
the luminoaity accordingly ^ery speedily make§ its appearanc«; bat 
oil of turpentine positivefy stope tbe teaction. 




Fig. *e. 

After tlie termination of the procGSS, frlobulesof phoaphoniB are 319 
found ftt tbe bottom of the receiver. Mitscherlicb obtained 
frum löO gm), of a miiture contsioing^ UQ ^m. phospboruB, so 
muny ^lobules of tbat body, that the tenth part of tbem woal4 
liave beeil amply aufficient to demonstrate its presence. In medico- 
le^ luvest i^fations tbese g'lobules ahould firat be washed vith alco- 
hol, then weighed. A portion miiy afterwards be s'ubjected to a 
confinnatory examination, to make quite siire tbat they really con- 
HisC of pbospLorua ; the remaiuder, together with a portion of the 
fluid wlijcb ehows the luminosity upon distillation, ahould be eent 
in witb the report. 

The Operation should be conducted in a dark place, beat in the 
evening. Where it is performed in the daytirae, care should be 
takeu to close ali avenues to the entrance of light, as where this is 
not effectively done, the raya of lijfht enterinf,' through Bome chink 
or crevice, may chance to be reflected by the L'lasa veasel orby the 
fluids, and thus lead to deception. It is adviaable to pasa the erols- 
tion tube at b, through the aperture of a acreen, to guard e^ctlvely 
agalnat reflcction of lighc irom the lamp. These precautioiiarj 
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measiires are of course necessarj only where verj miaut« traces of 
phosphorus are to be detected. 

The residue left in the flosk is tben exsmiaed for phosphorous 
ucid BS direuted 324- The distillate also mav be furtber examiüed 
in the same way, to coafirm the preseDce of phosphorus, or to show 
the presence of phosphorous acia fonned by the oxidation of phos- 
pborus fumee.* 

4. Put another portion of tbe substance, withaddition of water 320 
if necessary, inM a flask with doubly perforated cork, add dilute 
sulphunc acid to acid reactiou, couduct washed carbonic acid gas 
(erolved most conveniently from tbe evolution flask showo p. 169 or 
p. 314) in a slow stream, int« the flask, throug^h a g;lasB tube reachiug 
nearly to the bottom, and let the gas issuing trom another glasv tube, 
inserted iuto the othcr perforation of the cork, pass througb one or 
two U tubes containiüg a neutral Solution of nitrate of silver. When 
the flask is tilled nith carbonic acid, heat it gently on the water- 
bath. Contiuue the Operation for several hours. It free phosphorus 
is preseut, it will volatilize unoxidized in the carbonic acid stream, 
then pass into the silver Solution, where it will he partly converted 
into block phosphide of silver, partly into phosphoric acid. Ifno 
precipitate forms, you may safely conclude tliat no unoiidized pboe- 
phorua is present, whilst, on the other hand, tbe formation of a 
precipitate is not sufficient proof of the prcsence of phosphorus, as 
the precipitate may owe its formation to rolatile reducing agente or 
to hydrosulphuric acid. 




If a precipitate has fonned, Alter through s filt«r well wasbed 321 
witb dilute utric acid and water, and wasb. The presence of pbos- 

* In t«rtmgf[>Th;droa7>iiio aoid fti 
of th« diitilUÜB upümtelj, Mu) to aij 
portioni tM pbMphoru. 
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phide of silver in it maj be shown by Blondlot's improred modi- 
ncation of Dussard's method,* substituting, howeFer, for the appi^ 
ratus used bj Blondlot, the one shown (fig. 47), which may be 
easily constructed. 

a is a hydrogen-evolution bottle, b contains pumice-stone mois- 
tened with concentrated Solution of potassa, <? is a common clip, 
d a screw clip, e a platinum jet, which is kept cool by tying* mois- 
tened cotton round it. This platinum jet is indispensable to the 
production of a colorless hydrogeu flame, as the soda in the glass 
will always color the flame yellow. 

To ascertain whether the zinc and sulphuric acid will give a 
gas quite free from phosphuretted hydrogen, let the evolution go 
on a short time, then close e until the fluid has ascended from a to 
/. Close d, open e, and res'ulate d by means of the screws so'as to 
obtain a suitable flame. it the flame, viewed in a dark place, is 
colorless, showinc" no trace of a green cone in the centre, and no 
emerald-green coloration when pressed upon by a piece of porcelain, 
as in Marsh 's experiment, the hydrogen may be considered pure. 
It is advisable to repeat the experiment. Kinse the precipitate 
under examinationinto/, take care that every particle ot it reaches 
a, then repeat the experiment again. If the precipitate contains 
even a minute trace of phosphide of silver, the ffreen cone in the 
centre of the flame and the emerald-green coioration will now 
become distinctly visible. 

Remove the excess of silver from the Solution flltered from the 322 
silver precipitate, by hydrochloric acid, pass through a Alter well 
washea witn acid and. water, remove the liydrocnloric acid by 
evaporation on the water-bath, take up with nitric acid, and test for 
phosphoric acid with molybdate of ammonia, or with a mixture of 
sulphate of magnesia, chloride of ammonium, and anmionia (Neu- 
bauer and FRESENiusf). 

We obtaioed by this method the clearest evidence of the pre- 
sence of phosphorus in a large quantity of putrid blood mixed with 
the head of a common lucifer match ; and this even in presence of 
substances which prevent the luminosity of the phosphorus in 
Mitscherlich's method. 

5. If there is sufficient phosphorus present to permit a quanti- 323 
tative determination, this may be efiected by Öcherer's modi- 
fication of Mitscherlich's method, viz., by distilling the mass, 
acidified with sulphuric acid, m an atmosphere of carbonic acid. 
I would suggest, with respect to this, to have the distilling flask 
inrnished witli a doubly perforated cork, and to transmit pure car- 
bonic acid gas until the apparatus is filled with it, but then to shut 
off the carbonic acid stream. A flask with doubly perforated cork 
serves for receiver ; the mouth of the condensing tube passes into 
one of the openin^s ; into the other is inserted a beut glass-tube, 
which leads to a U tube containing a Solution of pure nitrate of 
BÜver. 

When the distillation is over, minute globules of phosphorus 
are found in the receiver. A moderate stream of carbonic acid is 
now once more transmitted through the apparatus, and a gentle 

* Zeitflohr. f. anal Chem. 1, 129. f Ihid, 1, 886. 
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heat applied, with a view to effect the formation of larger frlobules 
by ag^e^tion. These are then washed and weighed as in 
Mitschbrlich's method. The fluid poured off the phosphonis 
globules is luminous in the dark when shaken. It requires, how- 
ever,a largfer proportion of phosphorus to obtain distinct luminosity 
in this waj than is the case witii Mitschbrlich's method. The 
phosphorus in the fluid maj, after oxidation by nitric acid or 
chlorine, be determined as phosphoric acid. However, the result 
is reliable only if the Operation has been conducted with the 
requisite care lo giiard against the spirting over of portions of the 
boUing fluid, which often contains phosphoric acid. To obtain 
the remainder of the phosphorus, treat the contents of the U tube 
with nitric acid, throw down the silver by hydrochloric acid, filter 
through a washed filter, concen träte in a porcelam dish, precipitate 
the phosphoric acid as phosphate of magnesia and ammonia, and 
weigh it as pyrophosphate ot magnesia. 

B. Detection of Phosphorous Acid, 

Should all attempts to detect phosphorus fail, try whether it 324 
may not be pracdcable to find the nrst product of its oxidation, t.^., 
phosphorous acid. For this purpose transfer the residue left in the 
distilling flask in 318 or in 323? or the residue left in 320^ to 
the apparatus illustrated by fig. 47, having previously testod the 
purity of the zinc and sulphuric acid, then proceed according to the 
instruction of 321, and ooserve whether tue coloration of the hy- 
drogen flame reveals the presence of phosphorus (Wöhler). Should 
this be the case, the end in view is attained ; if not, the presence 
of ors;anic substances may be the preventive cause. If, therefore, 
the flame remains uncolored, shut the clip at once, connect with 
the apparatus a U tube containing Solution of neutral nitrate of 
silver, open the clip a^in, and let the gas pass for many hours, in 
a slow stream, through the silver Solution. If phosphorous acid is 
present, a precipitate containing phosphide of silver will separate 
in the silver Solution ; examine it according to 321«* 

3. Examination of the Inorganic Constitiients of Plants, Änitnals, 
or Parts of the same, of ManureSy ^c. {Andlysis of Äshes.) 

§228. 

A. Preparation dp the Ash. 

It is suflBcient for the purposes of a qualitative analysis to in^i- 325 
nerate a comparatively small ouantity of the substance, which must 
previously be most carefuUy cleaned. The incineration is effected 
best in a small clay muffle, but it may be conducted also in a 
Hessian crucible placed in a slanting position, or under certain 
circumstances, even in a porcelain or platinum dish, with the aid 

* W. Hkbapath*8 Biatement (Pharm. Joom. 1865, 573), th.U phosphoric »cid i« 
sliio reduoed by »do and dilute lulphuric acid, I have not found to be in accordanoe 
with the faott. Compare my paper in tbe Zeitaohr. f. anal. Chenx 6» 203. 

T 2 
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of a wide glass tube or lamp-glass, to increase the draught The 
heat must always be moderate, to giiard the volatilization of certain 
constituents, especially of chlorides. It is not always necessary 
to continue the combustion until all the carbon is coDSumed. Witn 
ashes containing a larg'e proportion of fiisible salts, as the ash of 
beet-root molasses, it is best, ai^r thorough carbonization has been 
effected, to boil with water, and finally to incinerate the waahed 
and dried residue. For further particulars see Quantitative Analym, 



B. EXAMINATION OF THE ASH. 

As the qualitative analysis of an ash is undertaken, either as 326 
a practical exercise, or for the purpose of determining its fipeneral 
character^ and the state in whicli any given constituent may happen 
to be present, or also with a view to make, as far as practicable, an 
approxiniate estitnation of the quantities of the several constituents, 
it IS usually the best way to examine separately, the part soluble 
in water, the part soluble in hydrochloric acid, and the residue 
which is insoluole in both. This can be done the more readily^ as 
the number of bodies to be looked for is but small. 



a, Exandnatum of the Part soluble in Wäter, 

Boil the ash with water, filter, and whilst the residue is being 
washed, examine the Solution as follows : — 

1. Add to a portion, after heating it, hydrochloric acid in excess, 327 
warm, and allow to stand. ElFervescence indicates carbonic acid 
combined with alkalies ; smell of hydrosulphuric acid indicates the 
suLPHiDE OF AN ALKALI METAL, formea from an alkaline sul- 
])hate by the reducing action of the carbon. Turbidity from Sepa- 
ration of sulphur^ with smell of sulphurous acid, denotes a 
HYPOSULPHiTE (which occurs occasionally in the ash of coal). 
Filter if necessary, and add chloride of barium to the fluid ; a white 
])recipitate indicates sulphuric acid. 

2. Evaporate another portion to a small volume, add hydro- 328 
chloric acid to acid reaction (effervescence indicates carbonic 
acid), test a fewdrops for boracic acid with turmeric, evaporate 

to dryness, and treat the residue with hydrochloric acid and water; 
a residue consists of silicic acid. Filter, add ammonia, chloride 
of ammonium, and sulphate of magnesia ; a white precipitate indi- 
cates PH03PH0RIC acid. InsteaQ of this reaction, you may also 
mix the fluid flltered from the silicic acid with acetate of soda^ and 
then cautiously add sesquichloride of iron, or you may evaporate 
with excess of nitric acid on the water-bath to dryness, treat the 
residue with nitric acid, and test with molybdate of ammonia (§ 142). 

3. Add to another portion nitrate of silver as long as a precipi- 329 
täte continues to form; warm gently, and then cautiously add 
ammonia ; if a black residue is left, this consists of sulphide of 
eilver, proceeding from the sulphide of an alkali metal, or from a 
liyposulphite. Filter if necessary, add nitric acid in slight excess, 

to effect the Solution of the phosphate of silver precipitate formed, 
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leaving thus only Chloride (iodide,* bromide) of silver un- 
dissolved. Filter, and examine the precipitate as directed 178, 
neutralize the filtrate exactlj with ammonia. If this produces a 
lig-ht yellow precipitate, the phosphoric acid found in 328 was 
|)resent in the tribasic^ if a white precipitate, it was present in the 
bibasic form. 

4. Heat a portion with hydrochloric acid, then make it alkaline 330 
with ammonia ; mix with Oxalate of ammonia, and allow to stand. 
A white precipitate indicates lime. Filter, and mix tlie filtrate with 
ammonia and phosphate of soda ; a crystalline precipitat«, which 
often becomes visibie only after long* Standing-, indicates magvesia. 
(Magnesia is often found in distinctly appreciable, lime only in 
exceedingly minute quantity, even where alkaline carbonates and 
phosphates are present.) 

ö. For POTASSA and soda examine as directed § 197. If ma^- 
nesia is present, first neutralize with hydrochloric acid, and remove 
the masrnesia as directed § 196, 2. 

6. LiTHiA, which is much more frequently found in ashes than 
has hitherto been believed, and oxide of Rubidium, which almost 
constantly accompanies potassa, may be most readily detected by 
the spectroscope in the residue consisting of the alkali salts. 

b. Examinatiün of the Part solüble in Hydrochloric Acid, 

Warm the residue left undissolved by water with hydrochloric 331 
acidf— eflFervescence indicates carbonic acid combined with alka- 
line earths; evolution of chlorine denotes oxides of manqanese. 
Evaporate to dryness with a few drops of sulphuric acid, heat a 
little more strongly to separate the silicic acid, moisten the 
residue with hycCochloric acid and some nitric acid, add water, 
warm, and filter. Examine the precipitate for baryta and 
sTRoi^TiA according to 255* Examine tue Solution as follows. 

1. Test a portion with hydrosulphuric acid. If this produces 
any other than a perfectly white precipitate, you must examine it 
in the usual way. (The ashes of plants occasionally contain 
copper; if the plant has been manured with excrements deodo- 
rized by nitrate of lead, thcy may contain lead, and so on.) 

2. Mix a portion with carbonate of soda, as long as the precipitate 332 
formed redissolves upon stirring; then add acetate of soda, and 
some acetic acid. This produces, in most cases, a white precipitate 

of PHOSPHATE OF SE9QUI0XIDE OF iRON, mixed occasioually with 
PHOSPHATE op ALUMINA. Filter, wash the precipitate. heat it 
with pure potash, filter and test the filtrate for alumina oy acidi- 
fying with hydrochloric acid, adding ammonia and warming. If 
the nitrate is reddish, there is more iron present than corresponds 
to the phosphoric acid ; if it is colorless, add sesquichloride of iron 
drop by drop tili the fluid is reddish. (The quantity of the preci- 
pitate of phosphate of sesquioxide of iron here formed will give you 
some idea of the amount of phosphoric acid present.) Boil, if 

* To detect the iodine in aquAtio plante, dip the plant in weak Solution of poiaasa 
(Chatdi), diy, incinerate, treat with water, and examine the Solution ai directed 
(258). 

f If the reiidne still oontains muoh carbon after farther indneration. 
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the fluid does not lose its color^ add more acetate of soda and boil 
again, filter bot, neutralize the filtrate exactly with ammonia^ mix 
with sulphide of ammonium in a flask, fiU up the latter, close the 
mouthy allow to stand some time and filter. Test the precipi- 
tate according to 141 for manqanese and zinc (the latter is 
seldom present); te^t the filtrate for limb and maonesia (330)- 
The lime may contain a little stroxtia and must theiefore be 
tested accordingf to p. 98. 

3. Test the rest for, fluorine according to § 146, 6. 

c. Examination of the Residue insoluble in HydroehUnie Add, 

The residue insoluble in bydrocbloric acid contains, 

1. The silicic acid, which has separated on treating* with hjdro- 333 
chloric acid. 

2. Those ingredients of the ash which are insoluble in bydro- 
cbloric acid. Tliese are, in most asbes, sand, clay, carbon ; sub- 
•itances, therefore, which are present in consequence of defeetive 
cleaning or imperfcct combustion of the plants, or matter derived 
from the crucible. It is only the asbes of the stalk of cereals and 
others abounding in silicic acid that are not complctely decomposed 
by bydrocbloric acid. 

Öoil the washed residue with Solution of carbonate of soda in 334 
excess, filter bot, wash with boiling water, and test for silicic acid 
in the filtrate by evaporation with uvdrocbloric acid (§ löO, 2). If 
the ash was of a kina to )>e completely decomposed by bydrocbloric 
acid, the analysis innv be considerea finishcd — for the accidental 
admixture of clay ancf sand will rarely interest the anal3'st suffi- 
ciently to Warrant a more minute examination by Aising. But if the 
ash abounded in silicic acid, and it may therefore be supposed that 
the bydrocbloric acid has fiiiled to enect complete decomposition, 
evaporate lialf of the residue insoluble in Solution of carbonate of 
soda with pure Solution of soda in excess, in a silver or platinum 
dish, to dryness. Tiiis decomposes the Silicates of the ash, wbilst 
but little affecting the sand. Acidify now with bydrocbloric acid, 
evaporate to dryness, &c., and proceed as in 331. For the detec- 
tion of the alkalies use the other half of the residue, treating this 
uccoiding to 228* 



SECTION III. 

EXPLANATORY NOTES AND ADDITIONS TO THE 
SYSTEMATIC COÜRSE OF ANALYSIS. 

I. Additional Remarks TO THE Preliminary Examination. 

To §§ 170-178. 

The inspection of the physical properties of a body maj, as already 
statedy in many cases enaole the analysc to draw ccrtain ^eneral infe- 
rences as to its nature. Thus^ for instance, if the analyst has a white 
substance before him^ he may at once conclude that it is not cinnabar, 
or if a li^ht substance, that it is not a Compound of iead &c. Inferences 
of this kind are quite admissible to a certain extent ; but if carried too 
far, they are apt to mislead the Operator, by blinding him to every 
reaction not exactly in accordance with his preconceived notions. 

As regards the examination of substances at a high temperature, 
platinum rbil or small iron spoons may also be used in the process ; how- 
ever, the glass tube gives, in most cases, results more clearly evident, 
and afiTords moreover the advantage that volatile bodies are less likely 
to escape detection. To ascertain the products of oxidation of a body 
it is sometimes advisable also to heat it in a short glass tube, open at 
both ends, and held in a slanting position ; small quantities of a metallic 
sulphide, for instance, may be readily detected by this means (§ 156, 6). 

With respect to the preliminary examination by means of the blow- 
pipe, I have to remark that the Student' must avoid drawing positive 
conclusions, until he has acquired some practice. A slight incrustation 
of the charcoal, which may seem to denote the presence of a certaiu 
metal, is not always a conclusive proof of the presence of that metal ; 
nor would it be safe to assume the absence of a substance simply because 
the blowpipe flame fails to efiect reduction, or Solution ot nitrate of 
protoxide of cobalt fails to impart a color to the ignited mass, &c. The 
blowpipe reactions are, indeed, in most cases, unerring, but it is not 
always easy to produce them, and they are moreover liable to suffer 
modification by accidental circumstances. 

The Student should never omit the preliminary examination; the 
uotion that this Omission will save time and trouble is very erroneous. 

II. Additional Remarks to the Solution, etc., op Substances. 

To §§ 179—181. 

It is a task of some difficulty to fix the exact limit between substances 
which are soluble in water ana those that are insoluble in that men- 
struum, since the number of bodies which are sparingly soIu))Ie in water 
is very considerable, and the transition from spanngly soluble to insoluble 
is very gradual. Sulphate of lime, which is soluble in 430 parts of 
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water, might perhaps serve as a limit between the two classes, smcetiiui 
Salt maj still oe positivel j detected in aqueous Solution by the delicate 
rea^nts which we possess for lime and sulphuric acid. 

When examining an aqueous fluid bj evaporating a few drope of it 
upon platinum foil, to see whether it holds a solid body in Solution, t 
very minute re^idue sometimes remains, which leaves the analyst in 
düubt respecting the nature of the substance. In cases of the kindtert, 
in the flrst place, the reaction of the fluid with litmus-papers ; in the 
second place, add to a portion of it a drop of Solution of chloVide of 
barium ; and lastl j, to another portion some carbonate of eoda. Shonld 
the fluid be neutral, and remain unaltered upon the addition of these 
reageuts, the analyst need not, as a general rule, examine it any further 
for bases or acids ; since if the fluid contained any ofthose bases or acids 
which principally form sparingly soluble Compounds, the chloride of 
barium and tne carbonate of soaa would have revealed their presenoe. 
The analyst may therefore feel assured that the detection of the sub- 
stance of which the residue left upon evaporation consists will be moie 
readily efiected in the olass of bodies insoluble in water. 

If water has dissolved any part of the substance under ezaminatioD, 
the Student will always do well to examine the Solution both for acids 
and bases, since this will lead more readily to a correct apprehension of 
the nature of the Compound and will give greater certainty — two ad- 
vantages which will amply counterbalance the drawback of sometimes 
meeting with the same substance both in the aqueous and in the acid 
Solution. 

The füllowing substances (with few exceptions) are insoluble in water, 
but soluble in hydrochloric acid or in nitric acid : the phosphates, arse- 
nates, arsenites, borates, carbonates, and Oxalates of the earths and 
metals; also several tartrates, citrates, malates, benzoates, and succi- 
nates ; the oxides and sulphides of the heavy metals ; alumina, mag- 
nesia ; many of the metallic iodides and cyaniaes, &c. Nearly the whole 
of these Compounds are, indeed, decomposed, if not by dilute, byboiling 
(;oncentrated hydrochloric acid ;* but tnis decomposition gives rise to 
the formation of insoluble Compounds where oxide of silver is present<, 
and of sparingly soluble Compounds in thepresence of suboxide of mer- 
cury ana lead. This is not tne case with nitric acid, and accordingly 
the latt^r effects complete Solution in many cases where hydrochloric 
acid leaves a residue. On the other hand^ nowever, nitric acid leayes, 
besides the bodies insoluble in any simple acid, teroxide of anümony, 
binoxide of tin, binoxide of lead, <fec., undissolved, and dissolves many 
other substances less readily than hydrochloric acid — e, ^., sesquioxide of 
iron and alumina. 

Substances not soluble in water are therefore, briefly, to be treated 
as follows : try to dissolve them in dilute or concentrated, cold or boiling 
hydrochloric acid; if this fails to efiect complete Solution, try to dissolve 
a fresh portion in nitric acid ; if this also fails, treat the body with aqua 
regia, which is an excellent solvent, more particularly for metallic sul- 
phides. To examine separately the Solution in hydrochloric acid or in 
nitric acid, on the one band, and that in nitrohydrochloric acid on the 
other, is, in most cases, neither necessary nor desirable. To prepare a 
Solution in nitric acid or in aqua regia, where the nature of the substance 

* For ihe exceptions see § 208. 
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does not absolutely demand it, is not advisable, as a Solution in hydro« 
chloric acid is much better suited for precipitation by hydrosulphuric 
acid. Nor is it advisable to concentrate a Solution in aqua regia by 
evaporation, to drive off the excess of the acids^ as the Operation might 
lead to the escape of volatile Chlorides, more particularly of chloride of 
arsenic. It is tberefore always best to use no more aqua regia than is 
just necessary to effect Solution. Solutions prepared with hydrochloric 
acid generally contain the metallic oxides in the same State of oxidation 
in which they were originally present (except suboxide of mercury, since 
subchloride of mercury by protracted boilmg* with hydrochloric acid, 
gradually decomposes into mercury and chloride of mercury). On the 
other band Solutions prepared with nitric acid or aqua regia, frequently 
contain the metallic oxides in a higher State of oxidation, thus, for in- 
stance, protoxide of iron, protoxide of tin, and arsenious acid are con- 
yerted into sesquioxide of iron, binoxide of tin, and arsenic acid. 

With regard to the Solution of metals and alloys, I have to remark 
that, upon boiling them with nitric acid, white precipitates will frequendy 
form, although neither tin nor antimony be present. Inexperienced 
students often confound such precipitates with the oxides of tliese two 
metals, although their appearance is quite different. These precipitates 
consist simply of nitrates sparingly soiuble in the nitric acid present, but 
readily soiuble in watjBr. Conseqnently the analyst should ascertain 
whether these white precipitates will dissolve in water or not, before he 
concludes that they consist of tin or antimony. 

III. Additional Bemarks to the Actual Examination. 

To §§ 182—204. 
A. General Review and Explanation op the Analytical 

COURSE. 

a. detection op the bases. 

The Classification of the bases into groups, and the methods which 
serve to detect and isolate them individually, have been fiilly explained 
in Part I., Section III. The systematic course of analysis, from § 189 
to § 198, is founded upon this Classification of the bases \ and as a correct 
apprehension of it is of primary importance, I will here subjoin a brief 
explanation of the grounds upon wnich this division rests. Respecting. 
the detection of the several bases individually, I refer the Student to the 
recapitulations and remarks in §§ 88 — 135. 

The general reagents which serve to divide the bases into principal 
groups are — hydrochloric acid, hydrosulphuric acid, sulphide 
OF AMMONIUM, and CARBONATE OF AMMONiA : this is likewiso the 
Order of succession in which they are applied. Sulphide of ammonium 
performs a double part. 

Let US suppose we have in Solution the whole of the bases, together 
with arsenious and arsenic acids, and also phosphate of lime — which 
latter may serve as a type for the salts of the alkaline earths soiuble in 
acids and reprecipitated unaltered by ammonia. 

Chlofine forms insoluble Compounds only with silver and mercury \ 
chloride of lead is sparingly soiuble in water. The insoluble subchloride 
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of mercury corresponds to the suboxide of that metal. If, therefiirey we 
add to cur Solution : 

1. Hydrochlorio Add, 

we remove from it the metallic oxides of the first division of tihe fifih 
group, viz., die whole of the oxide of silver and the whole of the 
SUBOXIDE OF MERCURT. From concentrated Solutions a portion of die 
LEAD may likewise precipitate as chloride ; this is^ howover, immatenali 
as a sufficient quantity ot the lead remains in the Solution to pennit the 
subsequent detection of this metal. 

Hydrosuipburic acid completely precipitates the oxides of the fifth 
and sixth groups irom Solutions containing a free mineral acid, sincethe 
aifinity of the metallic radicals of these oxides for sulphnr, and that of 
the hydrogen for oxygen, is sufBciently powerful to overcome the affinity 
between the metal aua the oxygen, and that between the oxide and t 
streng acid, even thouoh the acid be present in excess. Bot 
none of the other bases are precipitated under these circumstances, sinoe 
those of the first and second groups form no sulphur Compounds insoluUe 
in water, besides their sulphides cannot possibly form in acid Solutions ; 
as regards those of the third group, sulpnide of aluminium and sulphide 
of chromium cannot possibly be formed in the humid war } and the 
aflinity which the metallic radicals of the oxides of the fourth gronp 
possess for sulpliur, combined with that manifested by hydroffen ibr 
oxygen, is not suflBciently powerful to overcome the affinity oftne metal 
for oxygen and of the oxide for a streng acid, if the latter is pbe- 

SENT in excess. 

If, therefore, after the removal of the oxide of silver and suboxide of 
mercury, by means of hydrochloric acid, we add to the Solution^ which 
still contains free hydrochloric acid, 

2. Hydrosulphuric Acid, 

we remove from it the remainder of the oxides of the fifth, together with 
those of the sixth group, viz., oxide of lead, oxide of mercurt, 

OXIDE of COPPER, TEROXIDE OF BISMUTH, OXIDE OF CADMIUM, 
TEROXIDE OF GOLD, BINOXIDE OF PLATINUM, PROTOXIDE OF TIN, 
BINOXIDE OF TIN, TEROXIDE OF ANTIMONY, ARSENIOÜ8 ACID, and 

ARSENic ACID. All the Other oxides remain in Solution, either unal- 
tered, or reduced to a lower degree of oxidation, e. y., sesquioxide of 
iron, chromic acid, &c. 

The sulphides (at least the higher sulphides) correspondin^ to the 
oxides of the sixth group combine with oasic metallic sulphides (the 
sulphides of the alkali metals), and form with them sulphur salts soluble 
in water ; while the sulphides corresponding to the oxides of the fifth 
group do not possess this property, or possess it only to a limited 
extent.* If, therefore, we treat the whole of the sulphides precipitated 
by hydrosulphuric acid from an acid Solution, with — 

3. Sulphide of Ammonium (or, in certain cases, Sulphide of Sodium), 

with addition, if necessary, of some sulphur or yellow sulphide of am* 
monium, the sulphides ot mercury, lead, copper, bismuth, and cadmiam 
remain undissolved, whilst the other sulphides dissolve as double com- 

* Sulphide of mercury oombinee with sulphide of potaesium aiid sulphide of •odiniDi 
but not with sulphide of ammoDium ; sulpLide of copper dissolves a littlo ia ralpUida 
of ammoniniiiy but not in sulphide of potaatium or sulphide of sodium. 
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pounds of sulphide of oold, platinum, antimont, tin, arsenic, 
with sulphide of ammonium (ot, as the case may be, sulphide of sodium), 
and precipitate again from this Solution upon the addition of hydrochlorio 
aeid, either unaltered, or in a State of higher sulphuration (tney take up 
sulphur irom the yellow sulphide of ammonium). The rationale of this 
precipitation is as follows : — The acid decomposes the sulphur salt formed. 
The sulphur base ^sulphide of ammonium or sulphide of sodium) is de- 
composed by the nydrochloric acid into chlonde and hydrosulphuric 
acid ; and the liberated sulphur acid precipitates. Sulphur precipitates 
at the same time if the sulpnide of ammonium contains an excess ofthat 
element. The analyst must bear in mind that this eliminated sulphur 
makes the precipitated sulphides appear of a lighter color than they are 
naturally. 

The sulphides corresponding to the oxides still remaining in Solution 
are part of them — as those of the alkalies and alkaline earths — soluble in 
water ; part — as those of alumina and sesouioxide of chromium — decom- 
posed by water into hydrated oxides and hydrosulphuric acid ; part — 
as those of the fourth group — insoluble in water. These latter would 
accordingly have been precipitated by hydrosulphuric acid, but for the 
free acid present. If, therefore, this free acid is removed, t.^., if the 
Solution is made alkaline, and then treated with more hydrosulphuric 
acid, if required, or, what will answer both purposes at once, if 

4r. Sulphide of Ammonium^ 

is added to the Solution,* the sulphides corresponding to the oxides of 
the fourth group will precipitate : viz., the sulphides of iron, man- 
OANESE, coBALT, NICKEL, and ziNC. But in conjunction with them, 

HYDRATE OF ALUMINA, HYDRATED SE8QUI0XIDE OF CHROMIUM, aud 

PHOSPHATE OF LI ME are thrown down, because the aflSnity which the 
oxide of ammonium possesses for the acid of the salt of alumina or of 
sesquioxide of chromium, or for that which keeps the phosphate of lime 
in Solution, causes the elemcnts of the sulphide of ammonium to trans- 
pose with those of the water, thus giving rise to the formation of oxide 
of ammonium and of hydrosulphuric acid. The former combincs with 
the acid, the latter escapes, bemg incapable of entering into combination 
with the liberated oxides or with the phosphate of lime, — the oxides and 
the lime-salt precipitate. 

There remain now in Solution only the alkaline earths and the 
alkalies. The neutral carbonates of the former are insoluble in water, 
whilst those of the latter are soluble. If, therefore, we now add 

5. Carbonate of Ammonia, 
tog^ther with a little pure ammonia, to guard against the possible for- 
mation of bicarbonates, the whole of the alkaline earths ought to pre- 
cipitate. This id, however, the case only as regards baryta, strontia, 
and LiME;t of magnesia we know that, owing to its disposition toform 

* After previoni neuiralization of the free acid by ammoniis to prevent uDnecetsary 
erolution of hydroeulphuric acid : and after previous addition also, if necesaary, of 
ohloride of ammonium to prevent the precipitation of magnesia by ammonia. 

t It hat been already mentioned in § 99 that traoei of theie remain in lolntion 
partiy becauge tbeir carbonates are not abttolutely iiisolubie in water, bat prindpally 
beeause they are notably soluble in cbloride of ammonium. On acoount of this de- 
portmeut we test the fUtrate from the larbonate of ammonia predpiute with sulphate 
and Oxalate of ammonia (164). In the seneral explanation of the oourse giyen in the 
tezt, thcw tracM of baryta, strontia, and Üme are not taken into aooonnt. 
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double Compounds with salts of ammonia, it precipitates onljin ptrt; 
and tlint the ])rcsence of an additional salt of ammonia will laltogetber 
prevont its preci])itation, at least within a reasonable space of time. To 
guurd against an}- uncertaintj arisins' from tbis cause, chloride of tm- 
monium is ndded"])reviously to tbe additionofthe carbonate ofammonit, 
thc mixture soon after filtcred^ and thus the precipitation of the mag- 
nesia is altogethcr j)revented. 

We hnve now still in Solution maonrsia and the Alkali es. The 
detoction of niap^iesia may be effected bv means of phosphate of ^oda 
und ammonia; })ut its Separation requires a diiferent metnod, since the 
presence of phosphoric acid would impede the fiirther progress of the 
»nalysis. Tlie process irhich servcs to eiFect the removal of the moff* 
nesia is based ujion the insolubility of that earth in the pure State. The 
su1)stjince under examination is aecordingly ignited in order to expd 
the salts of ammonia, and the magnesia is tuen precipitated by means cf 
bary ta, the alkalies, togcther witli the newly formed salt of barjta and 
the excess of the caustic baryta added, remaining* in Solution. By the 
udditirm of carbonate of ammonia the Compounds of baryta are remoTed 
from the Solution, wliich now only contains the fixed alkalies, the salt of 
ammonia formed, and the excess of the salt of ammonia added. If the 
salts of ammonia are then r^moved by ignition, the residue consists of 
the fixed alkalies alone. But as carbonate of baryta is sliu^htlv soluhle 
in salts of ammonia, and gives upon evaporation with chloride of am- 
moiiium, carbonate of ammonia and chloride of barium, it is usuallj 
necessary, after the expulsion of the salts of ammonia by ignition, to 
j)recipit4ite once more with carl)onate of ammonia and a few drops of 
Oxalate of ammonia, in order to obtain a Solution perfectly free from 
baryta. 

Jiastly, to effect the detection of the ammonia, a fresh portion of the 
substance must of course be taken. 

h, Detection of the Acids. 

Before passing on to the examination for acids and salt-radicals, the 
analyst sliould first ask himself wliich of these substances may be ex* 
pected to be present, to judge from thenature of the detected basesand 
the class towhich the substance under examination belongs with respect 
to its solubility, since this will save liim the trouble of unnec-essaiy 
experiments. Üpon this jmint I refer the Student to the table in 
Appendix IV. 

Tbe general reagents applied for the detection of the acids are, fbr 
the inorganic acids, chloride of barium and Nitrate op silver, 
for the organic acids chloride of calcium and sesquichloride of 
IRON. It istherefore indispensable that the analyst should first assure 
himself whether the substunce under examinaticm contains only inorganic 
acids, or whether the presence of organic acids must also be looked for. 
Tlie latter is invariabl v the case if the body, when ig^nited, turns blaek, 
owing to Separation of carbon. In the examination for bases the general 
reagents serve to effect the actual Separation of the several groups of 
bases from each other; but in the examination for acids thev serve 
simply to demonstrate the presence or absence of the acids belonging 
to tue different groups. 

Let US suppose we have an aqueous Solution containing the whole 
of the acids, in combination with soda, for instance 
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Baryta forms insoluble, or difficultly soluble, Compounds with sul- 
phuric acid, phosphoric acid, arsenious acid, arsenic acid, carbonic acid, 
silicic acid, boracic acid, chromic acid, oxalic acid, tartaric acid, and 
citric acid ; fluoride of barium also is insoluble, or at least only spa- 
ring-ly soluble ; all tbese Compounds are soluble in hydrochloric acid, 
with the exception of sulphate of baryta. If, therefore, to a portion öf 
OUT neutral or, if necessary, neutralized Solution, we add, 

1. Chloride of Bariumy 

the formation of a precipitate will denote the presence of at least one 
of these acids. By treatino^ the precipitate with hydrochloric acid we 
leam at once whether sulphuric acid is present or not, as all the saltd 
of baryta being soluble in this menstruum, with the exception of the 
sidphate, a residue left undissolved by the hydrochloric acid can consist 
only of the latter salt. Where sulphate of baryta is present, the re- 
action with chloride of barium fails to lead to the positive detection of the 
whole of the other acids enumerated; for upon filtering the hydro- 
chloric Solution of the precipitates and supersaturatin^ the fil träte with 
ammonia, the borate, tartrate, citrate, &c., of baryta ao not always fall 
down asBin, being kept in Solution by the chloride of ammonium formed. 
For this reason chloride of barium cannot serve to efPect the actual 
Separation of the whole of the acids named, and, except as regards 
sulphuric acid, we set no value upon this reagent asameansofeffecting 
their individual detection. Still it is of great importance as a reagent, 
since the non-formation of a precipitate upon its application in neutral 
or alkaline Solutions proves at once the absence of so considerable a 
number of acids. 

The Compounds of silver with sulphur, chlorine, iodine, bromine, 
cyanogen, ferro- and ferricyanogen, and of the oxide of silver with 
phosphoric acid, arsenious acid, arsenic acid, boracic acid, chromic acid, 
silicic acid, oxalic acid, tartaric acid, and citric acid, are insoluble, or diffi- 
cultly soluble, in water. The whole of these Compounds are soluble in 
dilute nitric acid, with the exception of the chloride, iodide, bromide, 
Cyanide, ferrocyanide, ferricyaniae, and sulphide of silver. If, therefore, 
we add to our Solution, which^ for the reason just now stated, must be 
perfectly neutral, 

2. Nitrate of SUver^ 

and precipitation ensues, this shows at once the presence of one or 
several of the acids enumerated : chromic acid, arsenic acid, and several 
others, which form colored salts with silver, may be individually recog*- 
nised with tolerable certainty by the mere color of the precipitate. By 
treating the precipitate now with nitric acid, we see whether it contains 
sulphioe of silver or any of the haloid Compounds of silver, as these 
remain undissolved, whilst all the oxide salts dissolve. Nitrate of silver 
fails to efPect the complete Separation of those acids which form with 
oxide of silver Compounds insoluble in water, from the same cause which 
renders the Separation of ticids by chloride of barium uncertain, viz., 
the ammoniacal salt formed prevents the reprecipitation, by ammonia, 
of several of the salts of silver from the acid Solution. Nitrate of silver, 
besides effecting the Separation of chlorine, iodine, bromine, cyanogen, 
&c., and in<äcating äie presence of chromic acid^ &q., servcs, like the 
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Chloride of bariam, to demonstrate at once the absence of a great aany 
acids, where it produces no precipitate in neutral Solutions. 

The deportinent which tue Solution under examination exhünts with 
Chloride of Darium and with nitrate of silver^ indicates therefore at OBoe 
the furtlier course of the investigation. Thus, for instance, when 
Chloride of barium has produceda precipitate, whilst nitrate of silTerhas 
failed to do so, it is not necessarj to test for phosphoric acid, Gfaromic 
acid, boracic acid, silicic acid, arsenious acid, arsenic acid^ oxalic add, 
turturic acid, and citric acid, provided always the Solution was sufficioidj 
concentrated and did not already contain salts of ammonia. The aame 
in the case if we obtain a precipitate by nitrate of silver, bat none by 
Chloride of barium. 

Kcturnin«^ now to the supposition which we have made here, Tis., 
that the whole of the acids are present in the Solution under examina- 
tion, the reactions with chloride of barium and nitrate of silier would 
accordingly have demonstrated already the presence of sulphuric 
ACiD, and led to the application of the special test« for chlorinb, bro- 
mine, lODINE, CYANOGEN, FERROCYANOGEN, FERRICYANOaEN, asd 

sulphur;* and there would be reason to test for all the other acids 
prccipituble by these two reag-ents. The detection of these acids is based 
upou the results of a series of special experiments, which ba^e already 
bcon fully describod and explained in the course of the present work : 
the same remark applies to the rest of the inorgtinic acids, accordingly 
to nitric acid and cnloric acid. 

Of the oroanic acids, oxalic acid, paratartaric acid, and tartaric acid, 
are prccipitated by chloride of calcium in the cold, in presence of chlo- 
ride of timmonium ; the two former immediately, the latter often only 
after some time ; but the precipitation of citrate of lime is prevented by 
the presence of salts of ammonia, and ensues only upon ebullition er 
upon mixing* the Solution with alcohol ; the latter a^ent serves also to 
rnect the Separation of malate and succinate of lime from aquecos 
Solutions. It, therefore, we add to our fluid, — 

3. OUoride of Calcium in excess and Chloride of Ammonium, 

oxalic acid, paratartaric acid, and tartaric acid are precipi- 
tated, but the lime-salt« of several inorganic acids, which have not yet 
been sejMirated, phosphate of lime for instance, precipitate along with 
them. We must therefore select for the individual detection of the prc- 
cipitated organic acids such reactions only as preclude the possibility of 
confounding the organic acids with the inorganic acids that are thrown- 
down along with them. For the detection of oxalic acid we select accord- 
ingly Solution of sulphate of lime, with acetic acid (§ 145) ; to eflfectthe 
d(}tection of the tartaric and paratartaric acids, we treat the precipitate 
produced by chloride of calcium with Solution of soda, since the lime- 
salts of these two acids only are soluble in this menstruum in the cold, 
but insoluble upon ebullition. 

Of the organic acids we have now still in Solution citric acid and 
malic acid, succinic acid and benzoic acid, acetic acid and formic acid. 
Citric acid, malic acid, and succinic acid precipitate upon addition 
of alcohol to the fluid filtered from the Oxalate, tartrate, dbc, of lime, 
which still contains an excess of caloride of calcium. Sulphate and. 

* For the Separation and special detection of theie inbetanoei^ I refer io § 157. 
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borate of Urne invariably precipitate along with the malate, citrate, and 
succinate of lime, if sulphnric acid and boracic acid happen to be present ; 
tbe analjst must theretore carefuUj giiard ao:ainst confounding' the lime 
precipitates of these acids with those of citric acid, malic acid, and 
Buccinic acid. The alcohol is now removed bj evaporation, and — 

4. Sesquichloride qf Iran 

added to the perfectly neutral fluid. This reag'ent precipitates the 
BENZoic ACID and the rest of the succinic acid in combination with 
sesquioxide of iron, whilst formic acid and acetic acid remain in 
Solution. The methods which serve to eflect the Separation of the 
several ^oup from each other, and the reactions on which the indi- 
vidual detection of the various acids is based, have been füll j describcd 
and explained in the former part of this work. 

B. Special Remarks axd Additioxs to the Systematic Goursb 

OF Analysis. 

I will here call attention to several matters which were necessarily 
passed over in the description of the ordinarj course of analysis, and I 
shall take the present opportunity of explaining how the course may be 
expanded to meet the detection of the rare metals. 

To § 189. 

At the commencement of § 189 the analyst is directed to mix neutral 
or acii aaueous Solutions with hydrochloric acid. This should be done 
drop by orop. If no precipitate forms, a few drops are sufficient, since 
the only object in that case is to acidify the fluid in order to prevent the 
subsequent precipitation of the metals of the iron ^oup by hydrosul- 
phuric acid. In the case of the formation of a precipitate, some chemists 
recommend that a fresh portion of the Solution should be acidifled with 
nitric acid. However, even leaving the fact out of consideration that 
nitric acid also produces precipitates in many cases — ^in a Solution of 
potassio-tartrate of antimony, for instance — I prefer the use of hydro- 
chloric acid, i,e., the complete precipitation by that acid of all that is 
precipitable by it, for the foUowing reasons : 1. Metals are more readily 
precipitated by hydrosulphuric acid from Solutions acidifled with hydro- 
chloric acid, than from those acidifled with nitric acid; 2. In cases 
where the Solution contains silver, suboxide of mercury, or lead, the 
further analysis is materially facilitoted by the total or partial precipita- 
tion of these three metals in the form of'^chlorides ; and 3. 'Fnis latter 
form is the best adapted for the individual detection of these three metals 
when present in the same Solution. Besides, the application of hydro- 
chloric acid saves the necessity of examining* whether the mercury, 
which may be subsequently detected with the other metals of the flfth 
group, was originally present in the form of oxide or in that of suboxide. 
That the lead, if present in lar^e proportion, is obtained partly in the 
form of a chloride, and partly m the precipitate produced by hydro- 
sulphuric acid in the acid Solution, can hardly be thought an objection 
to the application of this method, as the removal of the larger portion 
of the lead from the Solution, efiected at the commencement, will only 
serye to &cilitate the examination for other metals of the flfth and 
sixth groupfl. 
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As already remarked, a basic salt of teroxide of antimony may separate 
from potassio-tartrate of antimony, for instance, er irom some other 
analogous Compound, and precipitate alons* with the insoluble chloride 
of silver and subchloride ot mercury, and tne sparingly soluble chloride 
of lead. This precipitate, however, is readily soluble in the ezcess dP 
hydrucbloric acid whicb is subsequently added, and exercises therefbre 
no iufluence whatever upon the further process. The application of 
heat to the fluid mixed with hydrochloric acid is neither necessarj nor 
even advisable, since it mig-ht cause the con Version of a little of tlia 
precipitated subchloride of mercury into chloride. 

Snould bismuth, antimony, or metastannic acid be present, the addi- 
tion of the washing« of the precipitate produced by hyarochloric acid to 
the first filtrate will cause turbidity. The turbidity is occasioned, in the 
case of bismuth and antimony, by the insufficiency of the free hydro- 
chloric acid present to prevent the Separation of basic salt, in the case of 
metastannic acid, by tue metastannic chloride being first precipitated, 
then redissolving in the wash water, and then meeting with hydro- 
chloric acid in the filtrate. This turbidity exercises, however, no in- 
fluence upon the further process, since hydrosulphuric acid as readilr 
converts thesc finely-divided precipitates into sulphides as if the metais 
were in actual Solution. 

In the case of alkaline Solutions, the addition of hvdrochloric acid 
must be continued until the fluid shows a strongly acid reaction. The 
su'bstauce which causes the alkaline reaction combines with the hydro- 
chloric acid, and the bodies originally dissolved in that alkaline lub- 
stance separate. Thus, if the alkali is present in the firee State, oxide of 
zinc, for mstance, or alumina, t&c, may precipitate. But these oxides 
will redissolve in an excess of hydrochloric acid, whereas chloride of 
silver will not redissolve. and chloride of lead only with difficulty. If a 
metallic sulphur salt is tue cause of the alkaline reaction, the sulphur 
acid, e,g.y tersulphide of antimony, precipitates upon the addition of the 
hydrochloric acicl, whilst the sulphur base, e, ^., sulphide of sodium, 
transposes with the constituents of the hydrochloric acid, forming 
chloride of sodium and hydrosulphuric acid. If an alkaline carbonate, t 
Cyanide, or the sulphide of an alkali metal is the cause of the alkaline 
reaction, carbonic acid, or hydrocyanic acid, or hydrosulphuric acid 
escapes. All these phenomena should be carefiilly observed by the 
analyst, since they not only indicate the presence of certain substanoes, 
but demonstrate also the absence of entire groups of bodies. 

Precipitates are produced also by hydrochloric acid in Solutions containing thalliam, 
alkali safts of antimonic acid, tantalic acid, niobic acid, molybdio acid, and tungstic 
acid. The antimonic, tantalic, and molybdic precipitHtes dissolve (the tantalic add 
precipitate to an opalescent fluid), whilst the chloridr of Thallium, niobio aoio, and 
TDXGSTio ACMD do not diHSolve in excess of hydrochloric acid. The latter therefore 
remain with the precipitate, which may also contain chloride of silver, subchloride of 
meroury, chloride of lead, and silicic acid. Separation of sulphur ensuing after some 
time «m addition of hydrochloric acid, accompanied by the odor of sulphurous acid in* 
dicates htpobulphuboub acid. If you have cause to test for rare metais, after ex- 
hausting the precipitate with boiling water, examine the fluid for Thallium by iodide 
of poiassium (confimiing by the spectruscope). On exhausting again with ammonia 
to dissolve out the chloride of silver, and treating the residue with nitrio acid, the 
niobic, tungstic, and silicic acids will remain behind. The two first may be ««»parated 
from the latter by fusin^ with bisulphateof potassa, treating with water, and finaUy with 
dilute Solution of oarbonate of amuionia. They may be separated from each other by 
treating the Solution with excess of sulphide of ammoniam. 
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To§§ I90andl91. 

• 

A judicioas distribution and economv of time is especially to be 
studied in the practice of analysis ; many. of the Operations mn j oe car- 
ried on simultaneoiislj, which the Student maj readily perceive and 
arrange for himself. For instance, after throwing the hydrosulphuric 
acid precipitate on the filter, you may test the first drops of the nitrate 
with sulpnide of ammonium to see if there is any metal of that group 
present, and if this is not the case you may proceed to test with car- 
Dooate of ammonia. You will thus be able, white washing* the hydro- 
sulphuric acid precipitate, to throw down the filtrate with the proper 
group test. Ag-ain, while you are treating* the first precipitate with 
sulphide of ammonium you may wash the second precipitate. 

In cases where the analyst has simply to deal with metallic oxides of 
the sixth groiip {e. g,y teroxide of antimony) and of the fourth or fifth 
group (e,g,y iron or bismuth), he need not precipitate the acidified 
Solution with hydrosulphuric acid, but may, after neutralization, at once 
add sulphide of ammonium in excess. The sulphide of iron, &c., will in 
that case precipitate, whilst the antimony, &c., will remain in Solution, 
from which they will, by adJition of an acid, at once be thrown down as 
tersulphide of antimony, &c. This method has the advanta^e that the 
fluid is diluted less than is the case where Solution of hydrosulphuric acid 
is employel, and that the Operation is performed more expeditiously and 
conveniently than is the case where hydrosulphuric acid gas isconducted 
into the fluid. I must ag-ain call attention to the very constant occur- 
rence of mistakes through the use of spoilt hydrosulphuric acid water, 
through the use of an insuflBcient quantity of good hydrosulphuric acid 
water, or through passing the gas into a Solution containing a too large 
excess of hydrochloric or nitric acid. Imagine a very acid Solution 
containing iron and bismuth ; if you pass hydrosulphuric acid gas or 
add a few drops of the water, no precipitate will be produccd ; and if in 
the idea that no metal of the hydrosulphuric acid group is present, you 
then add sulphide of ammonium, you will obtain a precipitate containing 
the sulphides of iron and bismuth ; and on treating this with dilute 
hydrocnloric acid, the sulphide of bismuth will remain as a black residue 
indicating the presence ot nickel or cobalt. In this case you should have 
either diluted the fluid considerably before passing the gas, or added a 
large quantity of hydrosulphuric acid water ; when the bismuth would 
have been precipitated in its proper plnce. Again, ai'senic acid may be 
easilj missed if the action of the hydrosulphuric acid is not supplemented 
by heat. 

If the hydrosulphuric acid precipitate is not well washed, on warming 
it with nitric acid the sulphide of mercury may dissolve from the pre- 
sence of hydrochloric acicf, and on testing the action of sulphide of am- 
monium tne results will not be trustworthy.' 

It happens occasiomilly that in treating acid Solutions with hydro- 
sulphuric acid, or in decomposin^ by hydrochloric acid the sulphide 
of ammonium used to efiect the Solution of sulphides of the sixth group 
that may be present, precipitates are obtainea which look almost like 
pure sufphur, and thus leave the analyst in doubt whether it is really 
requisite to examine them for metals. In such cases the precipitate maj 
be first washed, then dried, and treated finally with sulpnide of carbon^ 

I. z 
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to remove the sulphur ; this will show whether or not a trifling quanlitj 
of a sulphide is mixed with the sulphur. 

The following sulphMes of the rarer elemenls pass into the precipitate prodmed by 
hydrosulphariü acidinanacidsolutioD ; the sulphidea of palladium, rhodium, otmiom, 
rutheDium, iridium,* molybdenum, telluriura, seleniuni, and possibly of thalltiim.t 

The following rare corapounda cause Separation of sulphur, by deoonpoaing tlM 
hydrosulphuric acid ; tlie higber oxi ies and Chlorides of nianganese and oolmlt, Taiiadie 
moid (with blue coloratiun of the fluid), nitrous acid, sulphurous acid, hyposalphunnM 
acid, hypochlorous and clilorous acids, bromic acid, and iodic acid. 

On treating the precipitate with sulphide of ammonium (sulphide of sodinm), the 
sulphidesof iridiuni, mulybdenura, tellurium, and seleniura dissolve, whilst ihe sulpbidM 
of paUadium, rhodiutn, osmium, and ruthenium, and of thalliuui, remain oodiswlfed. 

To § 192. 

If a precipitate containing all the sulphides of the sixth groop, preotpitable by hy- 
drosulphuric acid, froni acid Solution, (of tln, antimony, aFKnic, tellurium, aeleniam, 
molybdenum, gold, platinum, and iridiuiu) is fused, according to § 1 92, with carbonata 
and nitrate of soda, nnd the fused mass treated with cold water, the TBLLUaiO aCSD, 
8KLENI0 ACID, and MoLTBDio ACID dissolve with the arsenic acid, whiNt the iBtoiUM 
18 left undissolved with the blnoxide of tin, antimonate of soda, gold, and platinum. 

For the way of detecting the rare eleraeuta in the Solution and in the predpitata, 
see § 185. 

To § 193. 

Besides the methods described in the sjstematic course, to separate 
cadmium^ copper, lead, and bismutb, the following' process will also be 
found to ^ve nighly satisfactory results. Add carbonate of soda to the 
nitric acid Solution as long^ as a precipitate continues to form, then Solu- 
tion of Cyanide of potassium in excess^ and heat gently. This eifects the 
complete Separation of lead and bismuth in the form of carbonates, whilst 
copper and cadmium are obtained in Solution in the form of Cyanide of 
copper and potassium^ and Cyanide of cadmium and potassium. Lead 
and bismuth may now be readily separated from one another by means 
of sulphuric acid. The Separation of the copper from the cadmium is 
efibcted by adding to the Solution of the cyanides of these two metals in 
Cyanide of potassium, hydrosulphuric acid in excess, gently heating, and 
tuen adding some more Cyanide of potassium, in order to redissolve the 
sulphide oi copper which may have precipitated along with the sulphide 
of cadmium. A residuary yellow precipitate (sulphide of cadmium), 
insoluble in the Cyanide of potassium, demonstrates the presence of cad- 
mium. Filter the fluid from this precipitate, and add hydrochloric acid 
to the fil träte, when the formation of a black precipitate (sulphide of 
copper) will demonstrate the presence of copper. 

Where there is reoson to suppoae tliat the precipitate containing the sulphides of tha 
fifth group contains also the sulphides of pallad ium, rhodium, osmium, ruthenium, or 
thullium, first test a portion in the spectroscope for thallium, and then proceed as followit: 

Fase the precipitate wiih hydrate of potassa and chlorate of potassa, heat, ultimately 

* The metals nf the platinum ores are precipitated with diffioulty by hydrosulphuric 
acid. To attain the end in view, hydrosulphuric acid gas must be perseveringly con- 
ducted into the fluid, and heat applied at the saiue time. 

t Tungsten and Vanadium are not found in the precipitate thrown down from an 
acid Solution by hydrosulphuric acid. They can be present only where the fluid has 
firKt been mixed with sulphide of ammonium, then with acid in excess ; bat in tbafc 
oase the sulphides of nickel and oohalt will slso be found with those of the fifth and 
■iath groups. 1 halliuui, although it is not precipitated from acid Koiutiona by hydro- 
•blphuric acid ander ordinary circamfltances, may be thrown down in -eomhinatioa witii 
•olphide of arsenio» 
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in redoeu, let cool, theo treat ihe mass with water. Tbe Solution oontaint oamate 
and ruthenate of potaasa, which latter imparts a deep yellow color to it. If ihe fluid 
is oaatiouily neutralized with nitric aoid, Black sksquioxiok of botbkniüm separates ; 
if more nitrioacid isadded to the filtrate, and the fluid tben distilled, O8IC10 AGIO passes 
oTer. If tbe residne left upon the eztraction of the fused mass with water is gently 
ignited in hydrogen gas,* then cautiuuNly treated with dilute nitric acid, the copper, 
lead, fcc., are distwlved, wbiist the rhodium and palladium are left undissolved. The 
PALLADIUM may theo be dissoived out of the residue by means of aqua regia, leaving 
tbe RHODIUM undissolved. For tbe further examination of the isolated met^is, I refer 
to $ 124. A separate portion of the precipitate of the sulpbides must be examined for 
meroary, in the event of the abo^e prooe^ being adopted. 

To § 194. 

Assnming all elements not yet precipitated to be present in the fluid filtered front 
tbe precipitate produoed in an aoid Solution by hydrosulphurio acid, the precipitat* 
prodaoed by addition of cbloride of ammonium to this filtrate, neutralisation with 
ammonia, and addition of sulphide of ammonium in exoess, will contain the foUowing 
•iements: 

o. In the form of sulpbides : cobalt^ nickel, manganese, iron, zino, uraninm, thal- 
lium, Indium ; 

h. In the form of oxides : aluminium, beryllium, thorium, siroonium, yttrium, 
erbiam, eeriam, lantbanium, didymium, chromium, titantura, tantalum, niobium.f 

Where there is reason to suspect the presence of some of the ittre elements in the 
precipitate, the following method may be recommended as the most suitable in roany 



1. D17 the greater part of the washed precipitate, ignite in a poroelain orucible^ 
then fnse perseveringly in a platinum crucible with acid aiäpkate ojpotaua; let the 
fused mass cool, soak in cold water, aod digest for some time without applioation of 
heat. Filter the Solution from the residue. 

Hie BK8IDUB, which contains the acids of tantalum and niobium, and may coutain 
also silicic acid and a little undissolved sesquioxide of iron and sesquioxide of chro^ 
minm, gives, on fusion with hydrate of soda, and some nitrate of soda, a mass out cf 
which dilute Solution of soda will disaolve Chromate and Silicate of potassa, leaving 
undissolved, with the sesquioxide of iron, tantalate and niobate of soda (being in- 
solnble in Solution of soda). After removing the excess of soda, treat repeatedly with 
a very dliute Solution of carbonate of soda, in which the niobate of soda dissolvei 
mach more readily than the tamtalati. For the further examination compare § 104, 
10 and 11. 

Treat the BOLunoir, which contains all the other bases, ftc, of the third and fourtb 
groups, with hydrosulphurio acid, to reduoe the sesquioxide of iron, dilule considerably, 
heat to boiling, and keep boiling for some time, whilst conducting carbon^c acid into 
the fluid. If a precipitate is formed, examine this for titamio aoid ; it may possibly 
contain also a liltle ziroonia. 

Concentrate the filtrate by evaporation, with addition of some nitric acid ; precipi- 
tate with ammonia, filter, and wash ; redissolve the washed precipitate iu hydrochlorio 
aoid, and precipitate again with ammonia. This will give almost the whole of the 
ziHO, MANOANKSB, NIOKIL, and OOBALT in Solution, whildt the earths are left undip- 
solved with the oxides of iron, indium, uraiiium, and chi-omiuYn. Kedissolve the pre- 
cipitate in hydrochloric acid, and add concentrated tolution ofpotcuact, without apply- 
ing heat. This will leave in Solution the sesquioxide of chromium, the alumina, and 
the berylla whilst predpitating the other earths with the oxides of iron, indium, and 
uraniam. Dilute the alkaline Solution, and boil some time ; this will throw down 
the berylla, and tiie sesquioxide of chromium, leaving the alumina in Solution. The 
lattar <«rth may then be precipitated by cbloride of ammonium. Fuse the precipitate 
of berylla and sesquioxide of chromium with carbonate of soda and chlorate of potassa, 
and separate the bbrtlla from the chromio aoid in the same way in which tbe Sepa- 
ration of alumina from chromic acid is effeoted (§ 103). 

The precipitate, which contains the oxides of iron, indium, and nranium, and the earths 
insoluble in potassa, may also contain oxide of chromium, and under certain circum- 
staaoes, €.g,p in presence of yttria and sesquioxide of cerium, also alumina and berylla. 

* Gadmium may escape in this Operation, 
t Of niobio meid only the trifling traoes redisiolved on tha predpitatioii hf 
bydrooblocifi add oui be praMal her«. 

z8 
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DifioWe it in hydrochloric acid, reniove an over-Iarge excess of the actd by erapora- 
tion, dilute, add carbonate of baryta^ and let tbe mixtare stand from four to aix lioara 
in tbe cold. 

The precipitate prodnoed contains the SBBQaioxiDX OF iron, oxidb of iHDiüH^and 
possibly ALUMINA, sesquioxide of chrominm. aod sesquioxidb of ubamiüit. Separate 
the latter in a portion of the precipitate by redissolving in hydrochloric acid, and add- 
ing exce8s of bicarbonate of soda. Test another portion in the spectroscope for DTDiuif, 
and another by fuKing with carbonate of soda and chlorate of potassa for OHBOMIUM. 

To the filtrate frum tbe carbonate of baryta precipitate, first add sulphurie add to 
remove baryta, iilter, conoen träte strongly by evaporation, neutralize exactiy with potsMa 
(leaving the reaction rather acid than alkaline), add neutral tulphaU of poiatta in 
cryHtals, boil, and let the fluiil stand twelve hours. Then filter, and wash with a sohl- 
tion of neutral sulphate of potassa. The filtrate contains that portion of tbe berylla 
whlch may have escaped Solution by potassa, also yttriaand oxide of erbiura. T^ew 
sobstances are precipitated by amrannia, and may then fasily be separated by treating 
with a concentrated warm Solution of oxalic octcf, in which the bertlla is solable, 
whilst the oxaUtes of TTTRIa, and of oxidb of erbidm, are left undisaoWed. Now 
boil the precipitate of the double sulphates repeatedly in water, with addition of 
some hydrochloric acid, which will dissolve the thoria and thei oxides of cbriüm, 
leaving the sulphate of zirconia and potassa undinsolved. The thoria and tbe oxidei 
of cerium may then be precipitated from the Solution by ammonia, and tested by the 
reaotions deocribed in § 104. 

2. Test a portion of the remainder of the precipitate in the spectrosoope for TEAL- 
LIUM (and a.Uo Indium). To be more sure about thallium, dissolve a portiim of the pre- 
dpitate in boiling dilute hydrochloric acid, treat with sulphurous add tili aeaqaioxide 
of iron is reduced, neariy neutralize with ammonia, and tbeu test with iodide of |iotai* 
siuin. The precipitate must, under all circumstances, be further examined in the 
spectrosoope. 

To §§ 195—198. 

The fluid filtered from the precipitate prodnced by snlphide of ammonium may not 
only coniain the alkalioe earths and the alkalies, but snme nickel» and also ranadic 
acid and that portion of the tungstlc acid which has been left un precipitated by hydro- 
chloric acid. The itickel, the vanadic acid, and the tungstic acid, are preaent assni- 
phide«idi<<8olved in theexoess of sulphideof ammonium ; they are thrown down in tbat 
rorm by just acidifying the fluid with hydrochloric acid. Filter thn precipitate wash, 
dry, fastt with carbonate of soda and nitrate of potassa, and treat tbe fused mass with 
water ; thix will dissolve the vanadate and tungstate of potassa, leaving tbe protoxide 
of nickel undissolved. From thia Solution the vanadic acid may be separated by meaos 
of solid Chloride of ammonium, the tungstic acid by evaporating with hydrodiloric acid 
and treating the residue with water. The two acidsmay then be examined as directeii 
§113, <i, and§ 18 , c. 

For t\\*i detectiun of lithium, caesium, and rubidium, I refer to the analysis of minenü 
wateni (259 and 260)* 

To § 208. 

If the rare elements are taken into account, tbe number of bodies which may !«>• 
roain undissolved on treating a snbstance with wat« r, hydrochloric acid, nitiic add, 
and aqua regia, is much eularged. The following bodies, mofe especially, are either 
generally, or in the ignited State, or in certain combinations, insoluble or slowly and 
sparingly solublf* in acids : 

Berylla, thoria, and zirconia, sesquioxide of cerium, titanic acid, tantalic acid, niobi« 
aoid, moiybiiic acid, tungstic acid, rbodium, iridium, osmio-iridium, ruthenium. 

When y«>u have, in the systematic course of analysis, arrived at 208> f"8e the 
Sübstanie, free from silver, lead, and sulphur, with carbonate of soda and some nitrate 
of potassa, extract tbe fused mass repeateilly with bot water, aud, if a residue is left, 
fuse this simie time, in a silver cru< ible, with hydrateof potassa and nitrate of potassa, 
and again treat the fused mass repeatedly with water. The alkaline Solutions, which 
may be examined separately or toKCther, may contain berylla, a portion of tbe titanic 
acid, tantalic add, niobic acid, molybdic acid, tungstic acid, osmic and nithenic acids, 
and a portion of tlie iridium. 

If the residue left undissolved by the preoeding Operation is fused with acid sulphate 
of potassa, and the fused mass treated with water, the thoria, zirconia, aud seaqnioxide 
of cerium, the lemainder of the titanic acid and tbe rhodium will dissolve. Aren- 
^pe left by tbis Operation ma^ consist of platinum ore metals, aod had best be mized 
witb Chloride of sodium, and ignite<l in a stream of chlorine. 
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With res pect to the Separation and detection of ihe several elemenU that have 
paAsed into the differeiit Solutions, the requisite directions and instructiDna have beea 
giren in the third seoiioa uf Part I., aad in the additional remarks to §§ 189-198. 

To § 204. 

The analysis of cyanogen Compounds is not verj easy iu certain cascs, 
and it is sometimes a difficult task even to ascertain whether we have 
really a Cyanide before us or not. However, if the reactions of the sub- 
stance upon iffnition (8) be carefully observed, and also whether upon 
boiling' with hydrochloric acid any odor of hydrocyanic acid is emitted 
(35), the presence or absence of a Cyanide will generally not remain a 
matter of doubt. 

It must above all be borne in mind that the insoluble cy^nogen Com- 
pounds occurring in pharmacy, &c., belong to two distinct classes, 
▼iz., they are either simple cyanides, or Compounds of metals 
WITH FERROCYANOOEN OF some othcF aualogous Compound radical. 

All the simple cyanides are decomposed by boiling* with concentrated 
hydrochloric acid into metallic chloriaes and hydrocyanic acid. Their 
analysis is therefore never difficult. But the ferrocyanides, &c., to 
which indeed the method described § 204 more exclusively refers, suffer 
by acids such complicated decompositions that their analysis by means 
of acids is a task not so easily accomplished. Their decomposition by 
potassa or soda is far more simple. The alkali yields its oxygen to the 
metal combined with the ferrocyanogen, <fec., the oxide thus formed 

1)recipitates, and the reduced potassium or sodium forms with the 
iberated radical soluble ferrocyanide, &c., of potassium or sodium. 
But several oxides are soluble in an excess of potassa, as, <?.^., oxide of 
lead, oxide of zinc, &c. If, therefore, the double ferrocyanide of zinc 
and potassium, for instance, is boiled with Solution of caustic potassa, it 
dissoives completely, and we may assume that the Solution contains 
ferrocyanide of potassium and oxide of zinc dissolved in potassa. Were 
we to add an acid to this Solution, we should of course simply re-obtain 
the original precipitate of the double ferrocyanide of zinc and potassium, 
and the experiment would consequently be of no avail. To prevent this 
failure, we conduct hydrosulphuric acid into the Solution in potassa, 
but only until the precipitable oxides are completely thrown down, and 
not until the Solution smells of sulphuretted hydrogen. This serves to 
convert into sulphides all the heavy metals* which the potassa holds in 
Solution as oxides. Those sulphides which are insoluble in potassa, such 
as sulphide of lead, sulphide of zinc, &c., precipitate, whilst those which 
are soluble in alkaline sulphides, such as bisulphide of tin, tersulphide 
of antimony, &c., remain in Solution. To effect the detection of these 
also, the fluid is now acidified and, if necessary, more hydrosulphuric 
acid conducted into it. 

In the filtrate from the oxides and sulphides we have still those 
metals whicü form Compound radicals with cyanogen, and also alumina, 
which has dissolved in the original treatment with potash, and would 
not have been separated. Finally also the other acids must be tested 
for here. It is therefore directed to divide the Solution iuto two parts, 
and to test one for acids, the other for alumina and those metals which 
form Compound radicals with cyanogen. The prescribed heating of this 
^cond part with concentrated sulphuric acid has the effect ofdecompos- 



M2 8PBCIAL NOTES TO § 994. 

me the cjranogen cmnponnds, and converdng' the metals into snlplittes 
which remain behind (H. Rose*). 

If you simplj wish to examine for bases in simple or Compound 
cjaniaes, and for that purpose to destroy the cyanogen Compound, it 
will suffice to heat the powdered substance in a platinum dish with con- 
centrated snlphuric aeia diluted with a little water, tili almost all the 
free acid is driven off. The residue will consist of sulphates which are 
to be dissolved in h jdrochloric acid and water. 

The reason why ferrocvanides and similar Compounds wbich hsfe 
been fullj washed with "water, reqiüre to be tested for alkalies if 
becmuse iilkaline ferrocjanides, <&c., are often predpitated aloag with 
insoluble ferrocyanides, &c., and cannot be removed oj wasUng. 

■ 

^ ZeitMfar. f. Muü. CImid. 1, lOi. 
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DbPORTMENT OP THE MOST IMPORTANT MeDICINAL AlKALOIDS 

wiTH Reagexts, and Systematic Method of epfectino 

THEIR DeTECTIüN. 

§ 229. 

The detection and Separation of the alkaloids is far more difficult than 
the detection and Separation of the inor^^nic bases. In many cases the 
combinations in which an alkaloid can be separated from others are not 
sufficiently insoluble to allow of an actual Separation, in other cases we 
only know the outward appearance of a reaction and not its cause, and 
are consequently i^orant of the conditions which may modify its action ; 
agaiuy many alKaloids may be said to have no characteristic reaction 
whatever. 

However, in the following pas'es the subject will be treated as 
thoroughlv as our knowled^e will lulow, the more commonly occurring 
alkaloids ueing included, viz., nicotine, conine, morphine, narcotine, 
quinine, cinchonine, strychnine, brucine, veratrine, and atropine. 

This appendix will be diviJed into the fbllowing sections : 

A. General reagents for the alkaloids. 

B. Properties and reactions of the individual alkaloids, arranged in 
groups. (In this section certain non-nitrogenous bodies are included 
which are allied to the alkaloids as poisons or are employed in their 
adulteration, namely, salicine, digitahne, and picrotoxine.) 

C. Systematic course for the detection of an alkaloid when only one 
is present. 

D. Systematic course for the detection of alkaloids when several 
may be present. 

£. Detection of alkaloids in the presence of other organic substances. 

A. General Reagents for thr Alkaloids. 

§ 230. 

By general reagents för the alkaloids I mean reagents by whioh they 
are all or nearly all precipitated. These are well suited to test 
generally for the presence of an alkaloid in a fluid, and may serve to 
separate alkaloids from their Solutions, but they cannot be employed to 
distinguish individual alkaloids except in a subordinate degree. 

These reagents are as follows : bichloride of platinum, a Solution of 
iodinein iodide of potassium (Wagner*^, double iodide of mercurvand 
potassium (v. PLANTAf), double iodiae of cadmium and potassium 

* Zeitsohr. f. maL Cbem. 4, 887. 
t His VerbAlten der wichtigsten Alkaluide gegen Beagentieo, Heidelbeig^ 1840^ 
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(Marme*), double iodide of bismuth and potassium (DragendorffI), 
phosphomolybdic acid (de Vru, SonnenscheinI), phosplioanti- 
inonic acid (Fr. Schulze§), metÄtungstic acid (Scheibler||), picric 
acid (H. HagerIF). 

BiCHLORiDE OF PLATiNUM forms with the hydrochloratcs of the 
alkaloids Compounds analogous to the ammonio-bicliloride of platinum. 
Some of these Compounds are difficultly soluble in water, some are 
rather easily soluble. They are best obtained and most completelj 
separated by mixing; the Solutions with a suificient quantity of bicnloriae 
of platinum, evaporating- nearly to dryness and treating with alcohol. 
They have a yellow color of various shades, some are crystalline, some 
flocculent, and in general they are more soluble in hydrochloric acid 
than in water. 

A Solution of iodine in iodide of potassium (containing 12.7 
grm. free iodine in 1 litre) precipitatcs the Solutions of the salts of all the 
alkaloids. The preeipitates are brown and flocculent. Their formation and 
se})aration is assistea by acidifying with sulphuric acid. By washing the 
precipitate, dissolving it in Solution of sulphurous acid and evaporating 
on tne water-bath to remove the excess of sulphurous acid and the 
hydriodic acid, the alkaloid will remain in combination with sulphuric 
acid. If the precipitate was separated from a fluid containing a 
miantity of other organic substances^ before proceeding as just stated, 
aissolve it in a dilute Solution of hyposulphite of soda, filter, and re- 
precipitate with iodine Solution.** 

loDiDR OF MERCURY AND POTASSIUM precipitates the Solutions of 
the salts of all the alkaloids. The precipitates are white or yellowish 
white, insoluble in water and dilute hydrochloric acid. 

Iodide of cadmium and potassiumH precipitates the Solutions 
of salts of the alkaloids after acidification with sulphuric acid, even 
when very dilute. The precipitates are at first all flocculent and white, 
some of them soon become crystalline. They are insoluble in ether, 
roadily soluble in alcohol, less soluble in water, readily soluble in 
excess of the precipitant. They have a tendency to decompose by long 
Standing. The alkaloids may be obtained from the undecomposed pre- 
cipitates by mixin^ with an alkaline carbonate or hydrate and water, 
and shaking with benzol, amylic alcohol, ether, or the like. 

Iodide of bismuth and potassiumJJ added drop by drop to 

* Zeitschr. f. anal. Chera. 6, 123. f Ib. 5, 406. 

:;: Ann. d. Chein. u. Pharm. 104, 47. § Ib, 109, 179. 

II Journ. f. prakt. Cheiu. 80, 211. H Pharm. Centralhalle. lOr Jahrg., 181. 

** £y dissolTiiig the brownisb-red precipitote produced by mixing the iodine sola- 
tion with a salt of strychnine in alcohol containing sulphuric acid and evaporating, 
piiBQiatic crystals of strong polariziiig p^iwer will b« obtained (DE Vbij and van DKB 
Büro, Jahresber. von Liebio u. Kopp, 1857, 602). Untd the opticai propertie« of the 
analogous Compounds of the otber alkiüuidg shall have been examined we are unable to 
State whether tbis reaction is cbaracteristic or not. 

tt Prepared by saturating a boiling concentrated Solution of iodide of potassiam 
with iodide of cadmium, and adding an equal volume of cold saturated solutioa d 
iodivle of potassium. The concentrated Solution keeps well« but not the dilute. 

tt Prepared as foUows : — Ueat 32 parts of suipliide of bismuth in a combustion-tube 
senled at one end with 41*5 parts of iodine, collect the iodide of bismuth in a receiver. 
purify it by resublimation, heat it wi(h Solution of iodide of potassium, fiiter bot, and 
add to tho Solution an equal volume of a cold saiurated Solution of iodide of potassium. 
The concentrated Solution keeps well, bat not the dilute. On mixing 10 cc. water 
with 5 drops of concentrated sulphuric add and adding 1 or 2 drups of the reageut, no 
turbidity ahoold ocvor. 
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Solutions of salts of the alkaloids acidified with sulphuric acid (lOc.c. of 
the alkaloid Solution and five drops of concentrated sulphuric acid) pro- 
duces almost immediately lioccuient orang-e precipitales, in the case of 
nicotine, conine, morphine^ narcotine, quinine, cinchonine, strychnine, 
brucine, atropine, and most other alkaloids ; veratrine, on tue other 
band, gives only a faint turbidity. The precipitates formed with the 
first-named alkaloids a^^glutinate ton^ether to some extent when heated, 
they dissolve by long* continued boiiing, and separate ag:ain for the most 
part on cooling. None of the precipitates are crystalline. The alkaloids 
may be separated from the precipitates as given under the previous re- 
ag-ent. 

Phosphomolybdic acid* is precipitated by the Solutions of all 
alkaloids, even when their quantity is very minute. The precipitates 
are light yellow, ochreous or brownish yellow, insoluble or di&cultly 
soluble at the ordinary temperature in water, alcohol, ether, and dilute 
mineral acids, with the exception of phosphoric acid j they are most 
insoluble in dilute nitric acicl, especially wuen it contains some of the 
reagent; acetic acid also is almost without action in the cold, but in 
the neat it has a solvent action. The precipitates dissolve in the hydrates 
and carbonates of the alkalies, f:^nerally with ease and with Separation 
of the alkaloids. The latter may be removed by shaking with ether, 
amylic alcohol, benzol, or the like. 

Phosphoantimünic acid, obtained by dropping perchloride of 
antimony mto aqueous phosphoric acid, also precipitates ammonia and 
most of the alkaloids (not caffeine). The reactions are delicate, but 
they are generally less delicate than with the last reagent, especially in 
the case of nicotine and conine; this reagent is more delicate in one 
Single instance, namely for atropine. The precipitates are usually 
Üocculent and whitish, the brucine precipitate is rose-colored. On heat- 
ing it dissolves, on cooling it separates again irom the fluid which 
remains colored intensely carmine. 

Mktatunostic ACiDf precipitates the Solutions of all the alkaloids. 
The precipitates are white and flocculent. The delicacy of the reactions 
is extreme. Acid Solutions containing only one part of quinine or 
strychnine in 200,000, are rendered distinctly turbid, and deposit 
minute flocks in 24 hours. 

PiCRic ACID precipitates almost all the alkaloids, even from Solutions 
containing a large excess of sulphuric acid. The precipitates are yellow, 
and insoluble in excess of the precipitant ; they are usually formed even 
in very dilute Solutions. Morphine and atropine (pure) are only 
thrown down from neutral and concentrated Solutions ; the precipitates 
disappear on dilution (caifeine and pseudomorphine are not precipitated, 
likewise the glycosides). 

* Prepared as follows : — Precipitate the nitric aoid Solution of molybdate of 
ammonia with phosphate of soda, waab the precipitate well, auspend it in water, and 
warm with addition of Oirbonate of soda, to oumpleie Solution. Evapomte to dryness, 
isiiite the residue, and if reüuctioa has taken plac:e, moisteii with nitric aciJ and ignite 
again. Warm with water, and dissolve by adding nitric acid in considerable excess. 
One part of the residue Mhould make 10 parts of Solution. The Solution must be pro« 
tected from amtuoniacal fumes. 

t Instead of (he pure acid you may use a metatungstate acidified with mineral 
aoid, or even ordiuary luogstate of soda, with addition of phosphoric aoid. Phosphoric 
acid, when added io an ordinaiy soluble tungstate, removes part uf the baie^ and so 
prodnoea a metatungstate. 
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B. PrOPERTIES and ReACTIONS OF THE INDIVIDÜAL AlKALOIM. 

I. VOLATILE AlKALOIDS. 

The volatile alkaloids are fluid at the common temperatore, and mAy 
be volatilized in the pure State as well as when mixed with water. T\m 
are accordingflj obtained in the distillate when their ialts are diatiUed 
with streng fixed bases and water. Their vapors, when broughtin eon- 
tact with tiiose of volatile acids, form a white cloud. 

1. Nicotina, or Nicotine (C,, H^^ N,). 

§231. 

1. Nicotina occurs in the leavefl and seed of tobacco. In its pure 
State, it forms a colorless, oily liquid, of 1*048 sp. ^. ; the action of air 
imparts a yellowish or brownish tint to it. It öoils at 200"", suffering, 
however, partial decompoeition in the process ; but, when heated in a 
stream of hydrogen gas, it distils over unaltered, between 100* and20(f. 
It dissolves with ease in water, alcohol, and ether. 

Nicotina has a peculiar, disanreeable, somewhat ethereal, tobaooo- 
like odor. On heating it gives off a very powerful odor of tobacco. It 
has an acrid, pungent taste, and very poisonous properties. Dropped 
on paper, it makes a transparent stain, which slowly disappears ; it tums 
turmeric-paper brown, aud litmus-paper blue. Concentrated aqueoas 
folution of nicotina shows these reactions more distinctly than the alka- 
loid in the pure state. 

2. Nicotina has the character of a pretty strong base ; it precipitates 
metallic oxides from their Solutions, and forms salts with acids. The 
salts of nicotina are non- volatile, freely soluble in water and alcohol, 
insoluble in ether and amylic alcohol ; they are inodorous, but taste 
strongly of tobacco ; part of them are crystallizable. Their Solutions, 
when aistilled with Solution of potassa, give a distillate containing 
nicotina. By neutralizing this with oxalic acid, and evaporating, Oxa- 
late of nicotina is produced, which may be fireed from any admixture of 
Oxalate of ammonia, by means of spirit of wine, in which the former 
Salt is soluble, the latter insoluble. 

8. If an aqueous Solution of nicotina, or a Solution of a salt of nico- 
tina mixed with Solution of soda or potassa, is shaken with ether, the 
nicotina is dissolved by the ether ; if the latter is then allowed to evapo- 
rate on a watch-glass at 20° or 30°, the nicotina remains behind in drops 
and streaks ; on warming the watch-glass, it volatilizes in white fiimei 
of strong odior. 

4. Bichloride ofplatinum produces in aqueous Solutions of nicotina or 
its salts whitish-yellow flocculent precipitates. On heating the fluid 
containing the precipitate, the latter dissolves, but upon continued 
application of heat it very speedily separates again in form of as 
orange-yellow, crystalline, heavy powder, which, under the microscope, 
appears to be composed of roundish crystalline grains. If a rather 
dilute Solution of nicotina, supersaturated with hydrochloric acid, i* 
mixed with bichloride ofplatinum, the fluid at first remains clear ; aAer 
Bome time, however, the oouble salt separates in small erystals (obUqiie, 
four-sided prisms), clearly discemible with the naked eye. 
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6. Tereklaride qf gold added in excess to aqueons Solutions of the 
alkaloid or its salts produces a reddish-yellow flocculent precipitate, 
sparingly soluble in hjdrocLIoric acid. 

6. Solution of iodine in iodide of potassium and water, when added in 
small quantity to an aqueous Solution of nicotina, produces a jellow 
precipitate, viuich after a time disappears. lipon nirther addition of 
iodine Solution, a copious kermes-coiored precipitate separates ; but thia 
also disappears again after a time. Solutions of the salts are preöipi- 
tated witn a kermes-brown color. 

7. Solution of tannie aeid produces in aqueous Solution of nicotina, 
a copious white precipitate, which redissolves upon addition of hydro* 
chloric acid. 

8. If an aqueous Solution of nicotina is added to excess of Solution 
of Chloride of meraury. an abundant, iiocculent, white precipitate \b 
formed. If Solution of chloride of ammonium is now added to the miz«* 
ture in sufficient quantity, the entire precipitate, or the greater pari of 
'% redissolves. But the fluid very soon tums torbid, and deposita » 
heavy white precipitate. 

2. CONIA, OP CONINE (Cj.Hj,N). 

§232. 

1. Conia occurs in the leaves, seed, and flowers of the spotted hem- 
lock. It forms a colorless oily liquid, of '88 sp. fp*. ; the action of the 
air imparts to it a brown tint. In the pure State it boils at 168^ ; when 
heated in a stream of hydrogen gas, it distils over unaltered ; but when 
distilled in vessels containing air, it turns brown and suffers partial de- 
composition ; with aqueous vapors it distils over freely. It dissolvea 
spanngly in water, 100 parts of water of the common temperature dissolv- 
ing 1 part of conia. The Solution tums turbid on warming, clear affain 
on cooling. Conia is miscible in all proportions with alcohol and etaer. 
The aqueous and alcoholic Solutions manifest streng alkaline reaetion. 
Conia iias a very streng, pungent, repulsive odor, which affects the 
head, a most acrid and disag^eeable taste, and very poisonous properties. 

2. Conia is a strong base ; it accordingly precipitates metallic oxides 
from their Solutions, in a similar way to ammonia, and forms salts with 
acids. The sults of conia are soluble in water and in spirits of wine, 
ether also dissolves several of them {e,g. the sulphate) to some extent. 
Hydrochlorate of conia crystallizes readily ; the smallest quantity of this 
base, brous;>ht in contact with a trace of hydrochloric acid, yields almost 
immediately a corresponding quantity of non-deliquescent rhombic 
crystals (Th. Wertheim). The sulphate does not crystallize except on 
very long standing.'*' The Solutions of the salts turn brownish upon 
evaporation, with partial decomposition of the conia. The dry salta da 
not smell of the allcaloid ; wben moistened, they smell only feebly of it , 
but upon addition of Solution of soda, they at once emit a strong odor. 
When salts of conia are distilled with Solution of soda, the distillate 
contains conia. On neutralizing this with oxalic acid, evaporating to 
dryness, and treating the residue with spirit of wine, the Oxalate of 
conia is dissolved, whilst any Oxalate of ammonia that may be present 

* ZeiUcbr. f. «aal Ch«iD. 1, 897. 
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is left undissolved. As conia is onlj sparingl j soluble in water, and 
dissolves with still ^ater difficultj in Solution of alkalies, a concentrated 
Solution of a sah of conia turns milkj upon addition of Solution of soda. 
The minute drops which separate unite gradually, and collect on the 
surface. 

d. If an aqueous Solution of a salt of conia is shaken with Solution of 
soda and ether, the conia is dissolved bj the ether. If the latter is then 
allowed to evaporate on a watch-glass at 2{f or 30^, the conia is left 
in yellowish-colored oily drops. 

4. Terchloride of gold produces in Solutions of the alkaloid or its 
salts a yellowish-white precipitate, insoluble in hydrochloric acid. 
Cfiloride ofmercury cpves with conia, a copious white precipitate, soluble 
in hydrochloric acid. Bichloride of platinum does not precipitate rather 
dilute aqueous Solutions of salts of conia, the conia Compound corre- 
sponding to ammonio-bichloride of platinum being insoluble in ^5pirit8 of 
wine and ether, but tolerably soluole in water. The double salt also 
dissolves by boiling with alcohol ; it separates in the amorphous form 
on cooling. 

5. To Solution of iodine in iodide ofpotassium and water, and to Solu- 
tion of tannic acid, conia comports itself like nicotina. 

6. Cfdorine tvater produces in a mixture of water and conia a strong, 
white turbidity. 

The volatile alkaloids are most easily recognised when pure ; the 
great obiect of the analyst must accordingly be to obtain them in that 
State. The way of effecting this is the same for nicotina as fbr conia, 
and has already been given in the foregoing paragraphs, viz., to distil 
with addition of Solution of soda, neutralize with oxalic acid, evaporate, 
dissolve in alcohol, evaporate the Solution, treat the residue with water, 
add Solution of soda, sliake the mixture with ether, and let tlie latter 
evaporate spontaneously. Conia is distinguished from nicotina chiefly 
by itö odor, its sparing solubility in water, and its behavior with chlo- 
rine water. 

II, NON-VOLATILE AlKALOIDS. 

The non-volatile alkaloids are solid, and cannot be distilled over 
with water. 

first group. 

Non-volatile Alkaloids which are precipitated by Potassa 
OR Soda from the Solutions of their Salts, and redis- 

SOLVE READILY IN AN EXCESS OF THE PRECIPITANT. 

Of the alkaloids of which I purpose to treat here, one only belongs 
to this group, viz,, 

+ 
MoRPHiA, OR Morphine (C,^Hj,NO. = Mo). 

§ 233. 

1. Morphine occurs with the alkaloids codeine, thebaine, papaverine, 
narcotiue, und narceine, and with meconic acid and meconine, in opium, 
the dried milky juice of the green capsules of the poppy (papaver som- 
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+ 
nifcmin). Crystallized morphia (Mo + 2 aq.) usuallv appears in the 
form of colorless, brilliant rhombic prisms, or, when obtained by preci- 
pitation, as a white crystalline powder. It has a bitter taste, and dis- 
solves very sparing-ly in cold, but somewhat more readily in boiling 
water. Of cold alcobol it requires about 90 parts by weicht for Solution ; 
of boiling alcohol from 20 to 30 parts. The Solutions of morphia in 
alcohol as well as in bot water manifest distinctly alkaline reaction. 
Morphine is nearly insoluble in ether, especially when crystallized, it 
dissolves in bot amylic alcohol, it is insoluble in benzole (Rodqers), and 
very difl&cultly soluble in Chloroform (Pettenkofer). Crystallized 
morphia loses both equivalents of water, at a moderate heat. Morphia 
may be sublimed unaitered by very cautious heatinff.* 

2. Morphia neutralizes acids completely, and forms with them the 
SALTS OF MORPHIA. These salts are readily soluble in water and 
spirit of wine, insoluble in ether and amylic alcohol ; their taste is dis- 
agreeably bitter. Most of them are crystallizable. 

3. Potassa and ammonia precipitate from the Solutions of salt« of 

+ 
morphia — generally only after some time — Mo + 2 aq., in the form of a 
white crystalline powder. Stirring and iriction on the sides of the 
vessel promote the Separation of the precipitate, which redissolvcs with 
^reat readiness in an excess of potassa, but more sparin^ly in ammonia. 
It dissolves also in chloride of ammonium and, thougn'with difficulty 
only, in carbonate of ammonia. On shaking a Solution of morphia in 
potassa or soda with ether, very little of the alkaloid passes into the 
ether ; on shaking with warm amylic alcohol, however, the whole or 
the alkaloid passes into the latter. 

4. Carbonate of potassa and carbonate of soda produce the same pre- 
cipitate as potassa and ammonia, but fail to redissolve it upon addition 
in excess. Consequently if a fixed alkaline bicarbonate is added to a 

Solution of morphia in caustic potassa, or if carbonic acid is conducted 

+ 
into the Solution, Mo + 2 aq. separates, — especially after ebullition — in 
the form of a crystalline powder. A more minute inspection, parti- 
cularly through a lens, shows this powder to consist of small acicular 
crystals ; magnified 100 times, these crystals present the form of 
rhombic prisms. 

5. Bicarbonate of soda and bicarbonate of potassa speedily produce in 
Solutions of neutral salts of morphia a precipitate of hydratea morphia, 
in the form of a crystalline powder. The precipitate is insoluble in an 
excess of the precipitants. These reagents fail to precipitate acidified 
Solutions of salts of morphia in the cold. 

6. The action of strong nitric acid upon morphia or one of its salts, 
in the solid State or in concentruted Solutions, produces a yellowish-red 
color. On addition of projochloride of tin no violet coloration occurs, as 
in the case of brucine. Dilute Solutions do not change their color upon 
addition of nitric acid in the cold, but upon heating they acquire a 
yellow tint. 

* For the best way of sublimiDg morphia, and for the valne of the Hublimate in 
microscopic diagnosis, see Hblwio (Zeiuchr. f. anal. Cbern. 3, 48 ; or Da« Mikmecop 
in der Toxikologie von JJr. A. Hblwio. von Zabem. Mainz : 18d4). In the latter 
work the labject it^treated more completely and illoatrated. ' I may rabntion that the 
alkaloid mnst be perfeoily pure. 



860 MORPHINE. [§ tSS. 

7. If morphia or a Compound of inorphia is treated with 4 or 5 drops 
of pure Btrong sulphurie acid, and warmed on a water-bath for 15 
minutes, a colorless Solution is obtaincd ; if, after cooling, 10 to 20 
drops of sulphurie acid, mixed with nitric acid*, are added, and 2 or 3 
drops of water, the fluid acauires a violet-red color (gentle heating 
promotes the reaction) ; and it now 4 or 5 clean lentil-sized fragmentsof 
hinoxide of Tnanganese are added, or a frasment of chrtmuUe of patasäum 
(Otto), the fluid acquires an intense mahog^j color. If the fluid is 
then diluted with 4 parts of water, cooled in a test-tube, and ammonia 
added tili the reaction is almost neutral, a dirty yellow color makes 
its appearance, which turns brownish red upon supersaturation with 
anunonia, without the deposition of any appreciable precipitate 
(J. Erdmann). According to A. Husemannj tue violet coloration of 
sulphate of morphia by nitric acid, does not occur tili the morphia 
Solution has undergone change. It occurs immediately when the Solu- 
tion in streng sulpuuric acid is heated to 100® — 150°. If, afker cooline, 
a drop of nitric acid is added, a splendid dark violet color is producea, 
which stays at the edge for several minutes, but in the middle soon 
passes into a Wood- red color, which slowly becomes paler. Hypo- 
ohlorite of soda acta like nitric acid. On heating morphia with sulphurie 
acid above 150°, a transient reddish violet color is produced, which 
turns flnally to dirty g^een. If a Solution which has thus been over- 
heated is brought m contact after cooling with nitric acid, no bluish 
violet color is observed, but a reddish color is at once produced. 

8. If a Solution of nwltfbdic acid in concentrated sulphurie acid (5 mgrm. 
piolybdate of soda and 1 c.c. conc. sulphurie acid), is mixed with dir 
morphia or a dry salt of morphia, a magnifleent reddish-violet color wiU 
make its appearance immeaiatelj ; alter a time the color will tum a 
dirty greeuish brown. The experiment should be made in a small 
porcelain dish or watch-glass, and the mixture should be stirred with a 
glass rod. On further action of the air the fluid will become deep blue, 
commencing at the edß'e ; this color will remain for hours (Fröhde)4 
If water is added to tue blue fluid, this color vanishes, and a slightly 
turbid, dirty brown fluid is obtained ; when this is filtered it yields a 
brown filtrate. (Diiference from salicine.) 

9. Neutral sesquichloride of iron imparts to concentrated neutral Solutions 
of salts of morphia a beautiful dark blue color, which disappears upon 
the addition of an acid. If the Solution contains an admixture of 
animal or vegetable extractive matters, or of acetates, the color vrill 
appear less distinctly. 

10. If iodic acid is added to a Solution of morphia or of a salt of 
morphia, iodine separates. In concentrated aqueous Solutions the 
aeparated iodine appears as a kermes-brown precipitate, whilst to 
alcoholic and dilute naueous Solutions it imparts a brown or yellowish- 
brown color. The adaition of starch-paste te the fluid, before or after 
that of the iodic acid, considerably heightens the delicacy of the reaction, 
aince the blue tint of the iodide of starch remains perceptible in ex- 
ceedingly dilute Solutions^ which is not the case with the brown color 

* Mix 6 dropfl of nitric acid of 1*25 ap. gr. with 100 c.c. water, and add 10 dnipi 
of thia miztnre to 20 grawmea of pure oonovniratad Bulphurio acid. 

t ZeilMhr. t anal Ghm. 8, 161. t Ibid. 5, 214. 
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imparted bj iodine. The reaction is most delicate when the iodic acid 
Solution is mixed with starch-paste, and the drj morphia salt is added 
to the mixture. It need scarcelj be mentioned that the delicacy of the 
reaction maj also be increased by shaking* with bisulnhide of carbon. 
As other nitro^nous bodies (albumen, caseine, fibrine^ Jbc.) likewise re- 
daoe iodic acid, this reaction has only a relative value ; however, if 
mmmatUa is added after the iodic acid, tbe fluid becomes colorless if the 
Separation of iodine has been caused by other substances, whilst the 
•oioration becomes much more intense if it is owing to the presence of 
morphia (Lbfort).* 

11. TiuuUc aeid throws down in aqueous Solutions of morphia salts, if 
they are not too dilute^ white precipitates, readily soluble in acids. 



8KC0ND QROUP. 
NOK-VOLATILE AlKALOIDS WHICH ARE PRECIPITATED BY PoTASSA 

FROM THE Solutions of their Salts, but do not redissolvb 

TD A PERCEPTIBLE ExTENT IN AN ExCESS OF THE PrECIPI- 
TANT, AND ARE PRECIPITATED BY BiCARBONATE OF SoDA EVEN 

FROM AciD Solutions, if the latter are not diluted in a larger 
Proportion than 1 : 100 ; Narcotina, Quina, Cinchonia. 

«. Narcotina, or Narcotine (C^ H^ NO^^ = Na). 

§234. 

1. Narcotina accompanies morphia in opium (§ 233). Crystallized 

narcotina (Na + aq.) appears usually in the form of colorless, brilliant^ 
straighü rhombic prisms^ or, when precipitated by alkalies, as a white, 
loose, crystalline powder. It is insoluble in water. Alcohol and ether 
dissolve it sparingly in the cold, but somewhat more readily upon heat- 
ing. Chloroform dissolves it very easily, amylic alcohol with diflBculty, 
benzole more readily. Solid narcotina is tasteless, but the alcoholic and 
ethereal Solutions are intensely bitter. Narcotina does not alter vege- 
table colors. At \7(f it fuses, with loss of 1 eq. of water. 

2. Narcotina dissolves readily in acids, combining with them to salts. 
These salts have invariably an acid reaction. Those with weak acids 
are decomposed by a large amount of water, and, if the acid is volatile, 
even upon simple evaporation. Most of the salts of narcotine are 
amorphous, and soluble in water^ alcohol, and ether; they have a bitter 
taste. 

3. Pvre aUtalieSy and alkaline earhonates and bicarbonates, immediately 

+ 
precipitate from the Solutions of salts of narcotine Na-f aq. in the form 

* Lktort (Zeitschr. f. anal. Cbem. 1, 184) reoommendi tbe foUowiog metbod for 
the deteciion of small qoantHies of morphia : moisten stripi of very white unsiied 
paper with tbe morphia Solution, dry, and repeat the Operation aeverai times, oo as to 
ensare abmrption by the paper of a tole**ably Urge quantity of the fluid ; the dried 
paper oontains the morphia in the solid State, most finely divide«!. Nitric aci<l, sesqui- 
ehloride of iroo, and iodic acid and aramonia will readily and with positive distinotoesi 
show tbe obaracteristio reactions oo paper so prepared. 
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of a white powder, which, magnified 100 times, appears an aggregate 
of small crystalline needles. The precipitate is insoluble in an excess 
of the precipitants. If Solution of a salt of narcotina is mixed with 
ammonia, and ether added in sufiicient quantity, the precipitate redis- 
solves in the ether, and the clear fluid presents two distinct layers. If 
a drop of the ethereal Solution is evaporated on a watch-glass, the re- 
sidue is seen^ when magnifled 100 times^ to consist of small^ distinct, 
elongated, and lance-shaped crystals. 

4. Concmtrated nitric acid dissolves navcotine to a colorless fluid, 
which acquires a pure yellow tint upon application of heat. 

ö. Strong mlphuric acid acts differently upon different speeimens of 
narcotine. Those that are apparently the purest give a bluish violet 
Solution which in a short time becomes dirty orange : speeimens which 
appear less pure give a vellow Solution at once. If the yellow Solution 
in either case is warmed very gradually it becomes at first orange red, 
subsequently beautiful bluish violet, or purple blue stripes are seen pro- 
ceeding from the edge, and finally, when the sulphuric acid beging to 
evaporate, an intense reddish violet color is formed. If the heating ifl 
interrupted when the blue color is present, the Solution slowly be- 
comes cherry red in the cold. The reaction is very delicate (Hüse- 

MANN.)* 

6. If to a Solution of narcotine in strong sulphuric acid prepared in 
the cold, 10 to 20 drops of sulphuric acid containing a minute quantit? 
of mtric acid (footnote, p. 3ö0) are added, and then two or three drops of 
water, the fluid becomes intensely red. Slight warming is favorable 
to the reaction. Addition of binoxide of man^anese does not change 
the color. If, ailer dilution, ammonia is addea tili the fluid is n^arhf 
neutral, the intensity of the color is diminished in conseauence of the 
dilution. On addition of excess of ammonia a copious dark brown pre- 
cipitate is finally produced (J. Erdmann). 

If to a Solution of narcotine in strong sulphuric acid, prepared in the 
cold, Chloride of soda is added, a distinct and rather permanent erimson 
color is produced, which passes into yellowish red. The Solution of 
narcotine in strong sulphuric acid, which has been colored by heat, is 
turned immediately light yelJow by nitric acid or chloride of soda, and a 
more reddish coloration appears ßraduallv (Husemann). 

7. Chlorine water added to Solution of a narcotine salt gives a yellow 
color, slightly inclining to g-reen. On the addition of ammonia a 
yellowish red and much more intense color is produced. 

8. If narcotine or a salt of narcotine is dissolved in excess of dilute 
svlphvric acid, mixed with finely powdered binoxide of tnanganesey and 
boiled for some minutes, the alkaloid is converted into opianic add, 
cotarnine (a base soluble in water) and carbonic acid. On filtering, and 
adding ammonia to the filtrate, no precipitate will be obtained. 

9. Tannic acid produces whitish precipitates in Solutions of salts of 
narcotine. When the Solutions are very dilute a mere turbidity i« 
produced, but a precipitate is formed on addition of a drop of hydro- 
chloric acid. The precipitate is very slightly soluble in hydrochloric 
acid. 

* Zeitschr. f. anal. Chem. 3, 151. 
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h. QüiNA, or QüiNiNE (C^Hjj,N,0, = Q). 

§ 235. 

1. Quinine occurs in cinchona bark accompanying cinchonine. 

+ 
Crystallized quina, (Q + 6 aq.) appears either in the form of fine 

crystalline needles of silky lustre, wnich are frequently ag^gated into 

tufts, or as a loose white powder. It is sparingly sofuble in cold, but 

somewhat more readily in bot water. It is readily soluble in spirit of 

wine, botb cold and bot, but less so in etber. Tbe taste of quina is in- 

tensely bitter; tbe Solutions of quina manifest alkaline reaotion. 

lipon exposure to heat it loses the 6 eq. of water. 

2. Quina neutralizes acids completely. Tbe neutral salts taste in- 
tensely bitter ; most of them are crystallizable, difficultly soluble in cold, 
readily soluble in hot water and in spirit of wine. Tbe acid salts dis- 
solve very freely in water ; tbe Solutions reflect a bluisb tint. If a 
cone of lig-bt is tbrown into thera, by means of a lens either horizontally 
or vertically, a blue cone of liffht is seen even in higbly dilute Solutions. 

3. Potassay ammoni/iy and the neutral carhonates of the alkalies produce 
in Solutions of salts of quina (if they are not too dilute) a white, loose, 
pulverulent precipitate of hydrated quina, wbich immediately aftier pre- 
cipitation appears opaque and amorphous under the microscope, but 
assumes, aft^r the lapse of some time, the appearance of an aggregate of 
crystalline needles. Tbe precipitate redissolves only to a scarcely per- 
ceptible extent in an excess of potassa, but more so in ammonia. It is 
hardly more soluble in fixed alkaline carbonates than in pure water. 
Chloride of ammonium increases its solubility in water. If a Solution of 
nnina is mixed with ammonia, ether added, and the mixture shaken, 
tue quina redissolves in the ether, and the clear fluid presents two dis- 
tinct layers. (In this point quina differs essentially from cinchonia, 
wbich by this means may be readily detected in presence of the former, 
and separated from it.) 

4. Bicarhonate of soda also produces both in neutral and acid Solutions 
of salts of quina a white precipitate. In acidified Solutions containing I 
part of quina to 100 parts of acid and water, the precipitate forms im- 
mediately ; — ^if the proportion of the quina to tbe acid and water is 
1 : 150, the precipitate separates only after an hour or two, in the form 
of distinct needles, aggregated into ctouds. If the proportion is 1 : 200, 
the fluid remains clear, and it is omy atter from twelve to twenty-four 
honrs' standing that a slight precipitate makes its appearance. The 
precipitate is not altogether in soluble in tbe precipitant, and the Separa- 
tion is accordingly the more complete the less the excess of the pre- 
cipitant ; the precipitate contains carbonic acid. 

5. Concentrated nitrie aoid dissolves quina to a colorless fluid, tuming 
yellowish upon application of heat. 

6. The addition of Marine water to the Solution of a salt of quina fails 
to impart a color to the fluid, or, at least, imparts to it only a yery feint 
tint; but if ammonia is now added, the fluid acquires an intense 
emerald-green color. If, after the ad^tion of the chlorine water, some 
Solution of fef roeyanide (f potassium is added, then a few drops of amr 
nunna or some oüier alkali, the fluid acquires a magnificent deep red 
tint; wbich; howeyer^ speedily changes to a dirtj brown. This reaction 

I. A A 
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is delicate and tiharacteristic. üpon addition of an acid* to the red 
fluid, the colpr vanishes, but reappears afterwards upon cautiouB ad- 
dition of ammonia. (0. Livonius, communicated ; A. Voqel.) 

7. Ckmcentrated sulphuric acid dissolves pure quina and pure salts 
of quina to a colorless or very faint yellowish fluid ; application of a 
gentle heat turns the fluid yellow, application of a stronger heat brown. 
Sulphuric acid containing an admixture of nitric acid disisolves quina to 
a colorless or very faint yellowish fluid. 

8. Tarmic acid produces a white precipitate in aqueous Solutions of 
salts of quinine, even when they are exceedingly dilute. The pre- 
cipitate is curdy and agglutinates on warming, it is soluble in acetic 
acid. 

9. As regards Herapath's quinine reaction, based upon the polam- 
ing properties of sulphate of iodide of quinine^ I refer to PhiL Mag. 6, 
171. 

+ 
e, CiNCHONiA, or Cinchonine (C^ Hjj^ N, 0, = Ci). 

§236. 

1. Cinchonine occurs in cinchona bark accompanying quinine. It 
appears either in the form of transparent, brilliant, rhombic prisrns, or 
flne white needles, or, if precipitated from concentrated Solutions, as a 
loose white powder. At nrst it is tasteless, but after some time a oitter 
taste of bark becomes perceptible. It is nearly insoluble in eold water, 
and dissolves only with extreme difficulty in bot water ; it dissolves 
sparingly in cold dilute spirit of wine, more readily in bot spirit of wine, 
and the most freely in absolute alcohol. From bot alcoholic Solutions 
the greater portion of the dissolved cinchonia separates upon cooling 
in a crystalline form. Solutions of cinchonia taste bitter, and manifest 
alkaline reaction. Cinchonia is insoluble in ether.f 

2. Cinchonia neutralizes acids completely. The salts have the bitter 
taste of bark : most of them are crystallizable : they are generallj more 
readily soluble in water and in spirit of wine than the corresponding quina 
Compounds. Ether fails to dissolve them. 

3. Cinchonia, when heated cautiously, fuses at first without loss of 
water ; subsequently white ^mes arise which, like benzoic acid, condense 
lipon cold substances, in the form of small brilliant needles, or as a loose 
Sublimate, a peculiar aromatic odor being exhaled at the same time. Jf 
the Operation is conducted in a stream of hydrogen gas, long brilliant 
prisms are obtained (Hlasiwetz). 

4. Potasstty ammonia^ and the neutral carbonates of the (Ukalies produce 
in Solutions of salts of cinchonia a white loose precipitate of cinchonia, 
which does not redissolve in an excess of the precipitants. If the Solu- 
tion was concentrated, the precipitate does not exhibit a distinctly 
crvstalline appearance even wnen magnified 200 times ; but if the Solu- 
tion was so dilute that the precipitate formed only after some time, it 
appears under the microscope to consist of distinct crystalline needles 
aggregated into star-shaped tufbs. 

* Aoetio acid answen the purpose best, 
t TLe cinchonia of oommerce usuallj contains ia admixture another alkaloid, oalled 
ctnchotinay which is soluble in ether. This alkaloid orystallixes in laige rhomboidal 
cryetals of brilliant lustre, which fuae at a high tempeiatore, and oannot be aabliiiiec^ 
.«ven in a iftream of J^drogen gas (ÜLAaiWJExi). 
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5. Biearbonate qf soda and biearbonate qf potassa precipitate cinchonia 
in the same form as in 4, both from neutral and acidined Solutions of 
cinchonia salts, but not so completelj as the monocarbonates of the 
alkalies. Even in Solutions containing* 1 part of cinchonia to 200 of 
water and acid, the precipit-ate forms immediately ; its quantity, how- 
ever. increases after Standing some time. 

6. CancerUrated sulphuric acid dissolves cinchonia to a colorless fluid, 
which upon application of heat first acquires a brown, and finally a black 
color. Addition of some nitric acid leaves the Solution colorless in the 
cold^ but upon application of heat the fluid, after passin^ throufi;h the 
intermediate tints of yellowish-brown and brown, turns finally black. 

7. The addition of chlorine water to the Solution of a salt oi cinchonia 
fiüls to impart a color to the fluid ; if ammonia is now added, a yel- 
lowish-white precipitate is formed. 

8. If the Solution of a cinchonia salt containing only very little or no 
free acid, is mixed with ferrocyanide of potassium, a flocculent pre- 
cipitate of ferrocyanide of cinchonia is formed. If an excess of the pre- 
cipitant is added, and a gentle heat very slowly applied, the precipitate 
dissolves, but separates again upon cooling*, in brilliant gold-yellow 
scales, or in long needles, often aggregated in the shape of a fan. With 
the aid of the microscope, this reaction is as delicate as it is characteristic 
(Ch. Dollfüs, Bill, Seliosohn). 

9. Tannic acid produces a white flocculent precipitate in aqueous 
Solutions of salts of cinchonia, the precipitate is soluble in a small quan- 
tity of hydrochloric acid^ but is reprecipitated by addition of more hydro- 
chloric acid. 

Becapitulation and Remarks, 

§237. 

Narcotina and quina bein^ soluble in ether, whilst cinchonia is inso- 
luble, the two former alkaloias may be most readily separated by this 
means from the latter. For this purpose the analyst need simply mix 
the aqueous Solution of the salts with ammonia in excess, then add ether, 
and separate the Solution of quina and narcotine from the undissolved 
cinchonia. If the ethereal Solution is now evaporated, the residue dis- 
solved in hydrochloric acid and a sufficient amount of water to make the 
dilution 1 : 200, and biearbonate of soda is then added, the narcotina 
precipitates, whilst the quina remains in Solution. By evaporating the 
Solution, and treating the residue with water, the quma is obtained in 
the firee State.* 

* Tbe reaction with ammooia and etber fails to effeot the Separation of qutnine 
Irom varioos other bases found associated with it, viz., a quinidine, ß quinidtne, 
y quinidine, and cinchonidine ; since, as G. Kebnkh (Zeitschr. f. anal. Chem. 1, 150) 
am sbown, several of tbese other vegeto-aÜLalies are pretty freely soluble in etber. In 
hßi, no qualitative reaction will enable the analyst to fully effect this purpose ; but it 
may be accomplished by means of a simple volumetrical method, based upon the 
oireumstance tbat the quina thrown down by ammonia from a Solution of the sulphatCi 
roquires less ammonia to redissolve it than all the other vegeto-alkalies of the bMrk. 
Conoerning the Separation of quina from quinidine compare Sohwabzib (2ieitsohr. f. 
anal. Chem. 4, 129), and oonotirning the Separation of the dnohona alitaloids ingeneral 

TAH DIB Buaa (Zeitschr. f. anaL Chem. 4, 278). 
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THIRD GROUP. 
NON-VOLATILE AlKALOIDS WHICH ARE PRECIPITATED BT POTASßA 

PROM THE Solutions of their Salts, and do not rbdissoltb 
To A perceptible Extent in an Excess of THE Precipitaktj* 
BUT ARE NOT PRECIPITATED PROM (evon somewhat concentrated) 
AciD Solutions by the Bicarbonates of the Fixed Alka- 
li es : Strychnia, Brucia^ Veratria, Atropia. 

+ 
a. Strychnia, or Strychnine (C^H^N,0^ = Sr). 

§238. 

1. Strychnia exists in Company with brucine in varions kinds of 
strychnos, especially in the fruit of strychnos nux vomica and of strychno6 
ignatius. 'It ap})ears either in the form of white brilliant rhombic prisms, 
or, when produced by precipitation or rapid evaporation, as a white 
powder. It has an exceedingly bitter taste. It is nearly insoluble in 
cold, and barely soluble in hot water. It is almost insoluble in absdate 
alcohol and ether, and only sparingly soluble in dilute spirit of wine. 
It dissolves freely in amylic alcohol, more especially with the aid of heat, 
likewise in benzole (Rodqers), and Chloroform (Pettenkofer). It 
does not ^se whcn heated. By cautious heating it may be aublimed 
nnaltered (Helwio), see foot-note § 233, 1. 

2. Strychnia neutralizes acids completely. The salts of strychnia 
are, for the most part, crystallizable ; they are soluble in water. All the 
salts of strychnia have an intolerably bitter taste, and are, like the pnre 
alkaloid, exceedins'ly poisonous. 

3. Potassa ana carbonate of soda produce in Solutions of salts of 
strychnia white precipitates of strychnia, which are insoluble in an 
excess of the precipitants. Ma^ified 100 times, the ferecipitate appears 
as an a^gregate ot small crystalline needles. From oilute Solutions the 
strychnia separates only after the lapse of some time, in the form of 
crystalline needles, distmctly visible to the naked eye. 

4. Ammonia produces the same precipitate as potassa. The preci- 
pitate redissolves in an excess of ammonia ; but luler a short time— or 
if the Solution is highly dilute, afler a more considerable time — the 
strychnia crystallizes from the ammoniacal Solution in the form of 
needles, which are distinctly visible to the naked eye. 

5. Bicarhonate ofsoda proäuces in neutral Solutions of salts of strjchnia 
a precipitate of strychnia, which separates in fine needles shortlj aflier 
the adaition of the reagent, and is insoluble in an excess of the preci- 
pitant. But upon adding one drop of acid (so as to leave the fluid still 
alkaline), the precipitate dissolyes readily in the liberated carbonic acicL 
The addition of bicarhonate ofsoda to an acid Solution of strychnia canses 
no precipitation, and it is only after the lapse of twenty-rour hours, or 
eyen a longer period, that strychnia crystallizes from the fluid in distinct 
prisras, in proportion as the free carbonic acid escapes. If a concentrat^ 
Solution of^ strychnia, supersaturated with bicarhonate ofsoda, is boiled 
for some time, a precipitate forms at once ; from dilute Solutions thif 
precipitate separates only after concentration. 

6. Sulphoejfanide of potassium produces in concentrated Solutions of 

* BegardiDg atxopine^ see § 241, 4« 



^ - <* - » 



§ 288.] STRYCHNINE, 85? 

salts of stiychnia immediately, in dilute Solutions after the lapse of some 
time, a white cry stalline precipitate, which appears under the microscope 
as an agf^egate of äat needles, truncated or pointed at an acute angle, 
and is hut little soluble in an excess of the precipitant. 

7. Chloride of mercury produces in Solutions of salts of strychnia a 
white precipitate, which changes after some time to crjstalline needles, 
aggre^ated into stars, and distinctlj visible through a lens. Upon heating 
the fluid these crystals redissolve, and upon subsequent cooling of the 
Solution the double Compound recrjstallizes in larger needles. 

8. If a few drops oi pure concentrated sulphuric acid are added to a 
little strychnia in a porcelain dish, Solution ensues, without coloration of 
the fluid. If small quantities of oxidizing agents (chromate of potassa, 
permanganate of potassa, ferricyanide of potassium, peroxide of lead, 
Dinoxide of manganese) are now added — ^best in the solid form, as dilution 
is prejudicial to the reaction — the fluid acquires a magnincent blue- 
violet color, which, after some time, changes to wine-red, tnen to reddish- 
yellow. With Chromate of potassa and permanganate of potassa the 
reaction is immediate ; on inclining the disn, blue violet streaks are seen 
to flow from the salt fragment, and by pushing the latter about, the 
coloration is soon imparted to the enüre fluid. With ferricyanide of 

f^tassium the reaction is less rapid ; but it is slowest with peroxides. 
he more speedy the manifestation of the reaction the more rapid is 
also the change of color from one tint to another. I prefer Chromate of 
potassa, recommended by Otto, or permanganate of potassa, recom- 
mended by Guy, to all other oxidizmg agents. Jordan succeeded, 
with Chromate of potassa, in distinctly showing the presence of go^oo 
grain of strychnia. J. Erdmann prefers binoxide of manganese in 
lentil-sized fragments. Metallic chlorides and considcrable quantities 
of nitrates, also large quantities of urganic substances, prevent the 
manifestation of the reaction or impair its delicacy. It is therefore 
always advisable to free the strychnia first, as far as practicable, from 
all foreign matters before proceeding to try this reaction. If the Solu- 
tion colored red (by binoxide of manganese) is mixed with from 4 to 
6 times its yolume of water, heating ueing ayoided, and ammonia is 
then added until the reaction is nearly neutral, the fluid shows a mag- 
nificent violet-purple tint ; upon addition of more ammonia the color 
becomes yellowish-green to yellow (J. Erdmann). I have found, 
however, that this reaction is seen only where larger, though still very 
minute, quantities of strychnia are present. Morphia interferes witu 
this reaction.* In order to remove the morphine, the concentrated 
aqueous neutral Solution of the substance is mixed- with ferricyanide of 
potassium (Neubauer) or neutral Chromate of potassa (Horsley) and 
filtered. The precipitate contains the strychnia, the Solution the 
morphia. The precipitate is washed a little, dried, and mixed in a 
watch-glass with strong sulphuric acid. The blue-yiolet color is imme- 
diately produced. It should be borne in mind that the strychnia pre- 
cipitates are not insoluble in water.f Finally I must mention that 

* RxBSX, Zeitschr. f. anal. Chem. 1, 899. Hobblbt, IM. 1, 515. Thomas, 
im. 1, 517. 

t KooGBBB recommends to separate Btiychnia from morphia by benzole, in which 
tiie former «lone is solable. Thomas recommends to render the Solution of the aoetates 
alkaline with potash, and to sbake with ohloroform ; the morphia remains in the alka- 
line ■ointioo» while the stryolmia dissolves in the ohloroform. 
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curarine prodnces the same reaction with snlphnric acid and cbronurte 
of potassa as strychnia. Thej difPer however in this, that curarine u 
colored red bj sulphuric acid alone, and it gives much more permanent 
colorations with cnromate of potassa than strychnine (Draqendorpp). 

9. Streng" chlorine water produces in Solutions of strychnia salts a 
white precipitate, sohible in ammonia to a colorless fluid. 

10. Streng nitric acid dissolves strychnia and its salts to a colorless 
fluid, which turns yellow when heated. 

11. Tannic acid produces in Solutions of strychnia salts heavy white 
precipitates^ insoluble in hydrochloric acid. 

b, Brugia, or Brucine (C^H„N,0, = Br). 

§ 239. 

1. Brucia occurs with strychnia (see § 238). Crystallized broeia 

(Br + 8 aq.) appears either in the form of transparent straight rfaombic 
prisms, or in that of crystalline needles aggregated into stars, or as a 
white powder composea of minute crystalline scales. Brucia is diffi- 
cultly soluble in cold, but somewhat more readily in hot water. It 
dissolves freely in alcohol, both in absolute and dilute, also in cold, bat 
more readily still in hot, amylic alcohol ; but it is almust insoluble in 
ether. Its taste is intensely oitter. When heated, it fiises with loss of 
its water of crystallization. By cautious heating it may be sublimed 
unchanged (see foot-note § 233, 1 ). 

2. Brucia neutralizes acids completely. The salts of brucia are 
readily soluble in water, and of an intensely bitter taste. Most of them 
are crystallizable. 

3. Potassa and carhonate of soda throw down from Solutions of salts 
of brucia a white precipitate of brucia, insoluble in an excess of the 
precipitant. Viewed under the microscope, immediately after precipi- 
tation, it appears to consist of very minute s^rains ; but upon üirther 
inspection, tnese grains are seen — with absorption of water — to suddenly 
form into needles, which latter subsequently arrange themselves without 
exception into concentric groups. These successive changes of the pre- 
cipitate may be traced distinctly even with the naked eye. 

4. Ammonia produces in Solutions of salts of brucia a whitish precipi- 
tate, which appears at first like a number of minute drops of oil, but 
changes subsequently — with absorption of water — to small needles. 
The precipitate redissolves, immediately aller Separation, very readily 
in an excess of the precipitant ; but after a ver}' short time — or, in 
dilute Solutions, after a more considerable lapse of time — ^the brucia, 
combined with crystallization water, crystallizes from the ammoniacal 
fluid in small concentrically grouped needles, which addition of am- 
monia fails to redissolve. 

5. Bicarbonate of soda produces in neutral Solutions of salts of brucia 
a precipitate of brucia, combined with crystallization water ; this pre- 
cipitate separates after the lapse of a short time, in form of concentriodly 
ap^gregated needles of silky lustre, which are insoluble in an excess of 
the precipitant, but dissolve in free carbonic acid (compare Stryckma). 
Bicarbonate of soda fails to precipitate acid Solutions of salts of brucia; 
and it is only after the lapse of a considerable time^ and with the eacape 
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of the carbonic acid, that the alkaloid separates from the fluid in regulär 
and comparatively large crystals. 

6. Cancentratü nitric acid dissolves brucia and its salts to intensely 
red fluids, which subsequently acquire a yellowish-red tint; and turn 
yellow upon application of heat. lipon addition of protochloride of tin 
er sulphide of ammonium to the neated fluid, no matter whether 
concentrated or ai^er dilution with water, the faint yellow color changes 
to a most intense violet. 

7. If a little brucia is treated with from 4 to 6 drops of pure eonem-- 
trated sulpkuric aeid, a Solution of a iaint rose color is obtained, which 
afterwards turns vellow. If 10 or 20 drops of sul])huric acid mixed with 
some nitric acid (foot-note § 233, 7) are added, the fluid transiently ac- 
quires a red, afterwards a yellow color. Addition of binoxide of man- 
^nese transiently imparts a red, then a gamboge tint to the fluid. If 
the fluid is then, with proper cooling, diluted with 4 parts of water, 
and ammonia added to nearly neutral reaction, or even to alkaline re- 
action, the Solution acquires a gold-yellow color (J. Erdmann). 

8. Addition of chlarine water to the Solution of a salt of brucia imparts 
to the fluid a fine bright red tint ; if ammonia is then added, the red 
color changes to yellowish-brown. 

9. Sulphocyanide of potassium produces in concentrated Solutions of 
salts of brucia immediately, in dilute Solutions after some time, a granulär 
crystalline precipitate, wnich, under the microscope, appears composed 
of variously aggregated polyhedral crystalline grains. Friction applied 
to the sides of the vessel promotes the Separation of the precipitate. 

10. Chloride of mercury also produces a white granulär precipitate, 
which, under the microscope, appears composed of small roundish crys- 
talline grains. 

11. Tannic aeid produces in Solutions of salts of brucia, heavy dirty 
white precipitates, soluble in acetic acid, insoluble in hydrochloric acid. 

+ 
c. Veratria, or Veratrine (Cj^H^NjOjJ Ve. 

§240. 

1. Veratria occurs in various species of veratrum, especially in the 
seeds of veratrum sabadilla (with veratric acid), and in the root of vera- 
trum album (with jervine). It appears in the form of small prismatic 
crystals which acquire a porcelain-like look in the air, or as ä white 
powder of acrid and burning, but not bitter taste ; it is exceedingly 
poisonous. Veratria acts with g^eat energy upon the membranes of the 
nose ; even the most minute quantity of tue powder excites the most 
violent sneezing. It is insoluble in water ; in alcohol it dissolves readily, 
but more sparingly in ether. At 116° it fuses like wax, and solidifies 
upon cooling to a transparent yellow mass. By cauüous heating it may 
be sublimed unchanged (see foot-note § 233, 1). 

2. Veratria neutralizes acids completely. Öome salts of veratria are 
orystallizable, others dry up to a gummy mass. They are soluble in 
water, and have an acrid and bummg taste. 

3. Potassa, ammonia, and the manocarbonates of the alkalies produoe in 
Solutions of salts of veratria a flocculent white precipitate, which, viewed 
ander the microscope immediately after precipitation, does not appear 
crystalline. After the lapee of a few minutes^ however; it alters its 
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appearance, and small scattered Clusters of short prismatic crjstals are 
oüserved, instead of the original coagulated flakes. The precipitmte does 
not redissolve in an excess of potassa or of carbonate ofpotassa. It is 
filightlj soluble in ammonia in tbe cold^ bat Üie dissolvea portion sepa- 
rates aprain upon application of beat. 

4. Witb bicarbanate of soda and bicarhonate of pdassa the salts of 
veratria comport tbemselves like those of strychnia and bmeia. Hov- 
ever, the veratria separates readily upon boiling^ even from dilute 
Solutions. 

5. If veratria is acted upon bj concentrated nitrie acid^ it agjglutiiiates 
into small resinous lumps^ which afterwards dissolve slowlj in the acid. 
If the veratria is pure the Solution is colorless. 

0. If veratria is treated with concentrated sulphurie aeidy it also 
agglutinates at first into small resinous lumps ; but these dissolve widi 
^reat readiness to a faint jellow fluid, the color of which graduallj 
mcreases in dopth and intensity, and changes afterwards to a reddish- 
yellow, then to an intense blood-red, and finally to purple red. The 
color persists 2 or 3 hours, then disappears graduallj. Addition of snl- 
]»huric acid, containin^ nitrie acid, or of binoxide of manganese canses 
no grcat change of coior. If the fluid is then diluted with water, and 
ammonia added until the reaction is nearly neutral, a yellowish Solution 
is obtained, in which ammonia added in excess produces a greenish 
light-brown precipitate (J. Erdmann). 

7. If veratria is dissolved in stron// hydrochlorie acid, a colorless fluid 
is obtained, which by long boiling acquires an intensely red tint, perma- 
nent on standinff. The reaction is very delicate, and occurs not only 
with the perfectly pure veratrine but vdth the ordinary commercial alka- 
loid (Trapp). 

8. Sulphocyanidc of potassivm produces only in concentrated Solutions 
of salts of veratria flocculent, gelatinous precipitates. 

9. Addition of chlorine water to the Solution of a salt of veratria 
imparts to the fluid a yellowish tint, which upon addition of ammonia, 
changes to a faint brownish color. In concentrated Solutions chlorine 
produces a white precipitate. 

d. Atropia, or Atropine (C^Hj,NOJ. 

§241. 

1. Atropia occurs in all parts of the deadly nightshade (atropa 
belladonna), and of the thorn-apple Tdatura stramonium). It forme 
small brilliant prisms and needles. It is, when pure, without odor and 
nauseously bitter j it fuses at 90°, and volatilizes at 140° with partial 
decomposition. By heating between watch-glasses it volatilizes without 
blackening. The Sublimate is soft and oily. Atropia dissolves in about 
300 parts of cold water, and 60 parts of boiling water, it is very soluble 
in alcohol, the saturated alcoholic Solution is precipitated by the addition 
of a small quantity of water. It is very soluble in Chloroform and 
amylic alcohol, but it requires about forty parts of ether for Solution. 

2. Atropia combines with acids, formmg salts, some of which, par- 
ticularly the acid salts, do not crystAllize. The salts dissolve eaaly in 
water and alcohol, scarcely at all in ether. The aqueous Solutions of 
the salts acquire a dark color by long heating. 
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3. Atropia and its salts are active narcotic jpoisons. When applied 
to the eye tney dilate the pupil for a considerable time. Hyoscyamine 
has the same action ; but the dihitation in this case is rather slower in 
making its appearance and more lasting. 

4. Potassa and numoearbonates of theßxed alkalies added to concentrated 
aqueous Solutions of salts of atropia precipitate a portion of the alkaloid. 
The precipitate, which is at first pulverulent, does not dissolve in excess 
of the precipitant more readily than in water. By long standing it 
becomes crystalline. Ämmania likewise produces a precipitate, soluble 
in excess. Atropia is decomposed, in contact with fixed alkalies or with 
baryta water, slowly in the cold, rapidly on heating. 

5. Carhanate of ammonia and MoarlHmates ofthe aikdlies do not precipi- 
tate Solutions of salts of atropia. 

6. TerMaride of gold added to aqueous Solutions of salts of atropia 
throws down a Compound of hydrochlorate of atropia and terchloride of 
gold in the form of a yellow precipitate which gradually turns crys- 
talline. 

7. ToMiic aeid produces in aqueous Solutions of salts of atropia a white 
curdy precipitate soluble in ammonia. 

8. If atropia is warmed with concentrated sulphurie aeid to slight 
browning, and a few drops of water are added to the watch-glass, an 
lugreeable odor is evolvea, recalling the sloe blossom, or perhaps more 
the cheese rennet (galium venmi). On fiirther heating the odor in- 
creases. 

9. Cyanogen gas passed into a sufficiently concentrated alcoholic 
Solution of atropia produces a reddish-brown color (Hinterberqer). 

10. Pieric aeid does not precipitate Solutions of pure salts of atropia. 
Consequentlv Solutions of atropia which after acidification with dilute 
sulphurie acid give a precipitate with this reagent, must be considered 
to contain some other unknown alkaloid (Hager). 

Reeapitülation and Remarks, 

§242. 

Strychnia may be separated from brucia, veratria, and atropia by 
means of absolute alcohol, since it is insoluble in that menstruum, whilst 
the latter alkaloids readily dissolve in it. The identity of strychnia is 
best established by the reaction with sulphurie acid and the above-men- 
tioned oxidizing agents;* also by the form of its crystals — when thrown 
down by alkalies — viewed under the microscope ; and lastly, by the 
form of the precipitates produced by sulphocyanide of potassium and 
Chloride of mercury. Brucia and veratria may be separated from atropia 
by shaking the alkaline Solution with petroleum ether (Draoen- 
dorff). The latter takes up the brucia and veratria, but not the 
atropia. By separating the aqueous fluid from the petroleum ether and 
shaking it with ether the atropia may be obtained in ethereal Solution. 
Brucia and veratria are not readily separated from one another, but may 

* The odIj sabstance which beaides ourarioe (eee above), shows somewhat analo- 
gona raactioiis in thi« respect, is auiÜDe. A. Gut haa, however, oalled attention to 
the hei that aniline, treatod with solphuric acid and oxidizing agenU, acquires a pale 
ffieen color at fint, whioh gradually deepena^ and only theo changes to a magnifioent 
dIim^ wliiob, afler peraisting lome time^ turne finalljr bUok, 
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be detected in presence of each other. The identity of brada is best 
eBtablished bj the reactions with nitric acid and protochloride of tin or 
sulphide of ammonium^ or by the form of the crystalline precipitale 
which ammonia produces in Solutions of salts of brucia. Veratria is 
sufficiently distinguished from brucia and the other alkaloids which we 
have treated of, bj its characteristic deportment at a gentle heat^ and 
also bj the form of the precipitate which alkalies produce in solutioiis of 
its salts. To distinguish veratria in presence of brucia, the reaetua 
with concentrated sulphuric acid or with hjdrochloric acid is seleeted. 

C. Properties and Reactions of cbrtain non-nitroobhous 

BODIES, ALLIED TO THE AlKALOII>S, VIZ., SaLICINE^ DiGITA- 

LiNE^ AND Picrotoxine. 

§248. 

a, Salicinb (C^H„0„). 

1. Salicine exists in the hark and leaves of most kinds of willowand 
»ome kinds of poplar. It appears either in the form of white crjstaUine 
needles and scales of silkj lustre^ or, where the crystals are very small, 
as a powder of silkj lustre. It has a bitter taste, is readilj solable in 
water and alcohol, but insoluble in ether. 

2. No realen t precipitates salicine as such. 

3. If salicme is treated with concentrated sulphuric acid^ it agglutinates 
into a resinous lump, and acquires an intenselj blood-red color, without 
dissolving ; the color of the sulphuric acid is at first unaltered. 

4. If an aqueous Solution of salicine is mixed with hydrochlorie add 
and boiled for a short time, it suddenly becomes turbid with formation 
of sugar and deposits a white agglutinatin^ precipitate (saliretine). If 
the precipitatecl liquor is now mixed with 1 or 2 drops of Chromate of 
])Otassa and boiled, the saliretine will acquire a brigtit rose color, the 
characteristic odor of salicjligenic acid beiug emitted at the same tarne. 

§244. 

b. DlQlTALINE (C^H^O^?) 

1. Digitaline exists in the leaves, seeds, and capsules of the fox- 
glove (digitalis purpurea). It is usuallv white, amorphous, but it may 
also be obtained in crystals.* It is without odor, bitter, and an active 
poison, it43 nowder irritates the eyes and causes sueezing. At 180^ it 
becomes colored but does not fuse, above 200° it is completely decom- 
posed. 

2. Digitaline is neutral. It dissolves in all proportions in Chloro- 
form, and in about 12 parts of alcohol of 90°atthe ordinary temperature, 
but more readily on boilino; ; it is less soluble in absolute alcohol. It is 
only very slightly soluble m ether free from alcohol. It is very diffi- 
cultly soluble in water, even when boiling (1 part requires 1000 parts of 
boiling water), the Solution, however, has a very bitter taste. 

* Nahvzllx giyet a method for preparing crystallized digitaline^ see Joorn. de 
Pharm. 9, 255--ZeitMhr. f. Cbem. 5, 401— Chem. Centr. Bl. 1870, 80. Tbe comiiMr- 
eial digi taline ii frequently a mixture of varioag bodiea, and this explados wby tbe 
prupeniet of digitalioe m giveo by difRsrent obemiati ara foand to fiiy lo graally. 
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3. When digitaline is dissolved in eoneentrated sulphuric acid (to 
wbich it imparts a green color), and the Solution is stirred with a rod 
dipped in bramine water , a violet reddish coloration makes its appearance 
(Gran DE AU, J. Otto). When the experiment is made in the manner 
directed the reaction is very delicate and characteristic. Delphinine only 
shows a similar deportment ; but when an acid Solution is shaken with 
ether delphinine does not pass into Üie ether^ while digitaline does 
(Otto). 

4. HydroMoric acid dissolves digitaline with a greenish yellow color ; 
water precipitates a resinous body n*om this Solution. Nitrie acid dis- 
solves it with evolution of red fumes. Äcetic acid dissolves it without 
being colored. 

5. On shaking a Solution of digitaline, even if acid, with ether, the 
digitaline passes mto the ether (J. Otto). 

6. The Solutions of digitaline are not precipitated by Solution ofiodincy 
pieric acid, and metaUie salts, but they are precipitated by tannie add, 
The precipitate is somewhat soluble in boiling water. 

7. On boiling digitaline with düute sulphuric acid sugar and dig^ta- 
liretine are formed (Walz, Kossmann). The former may be recognised 
by its power of reducing alkaline Solution of copper, the latter crystal- 
lizes from bot alcohol in brilliant grains (Kossmann). J. Otto says 
that on boiling down a Solution of digitaline in dilute sulphuric acid an 
odor recalling infusion of digitalis is noticed. 

§ 245. 
e. Picrotoxine (C^H^OJ. 

1. Picrotoxine is the poisonous principle of the fruit of menisper- 
mum cocculus. It forms white brilliant four-sided prisms or needles. 
It is without odor, very bitter, a narcotic poison, luses when heated, 
yielding empyteumatic fumes. 

2. Picrotoxine is neutral. It dissolves in water, especially when 
bot, with tolerable ease, and crystallizes ^om the Solution in needles 
on cooling and evaporation. Hot alcohol dissolves it with extreme 
facility. The concentrated Solution solidifies when cold to a silky 
mass, more dilute Solutions give silky needles when evaporated. Picro- 
toxine is difficultly soluble in ether. The latter does not withdraw it 
from aqueous or alkaline Solution, but it does withdraw it from acidified 
Solutions (G. Günkel). The ethereal Solution when evaporated leaves 
the Picrotoxine in the form of powder or scaly crystals. 

3. Äcids do not neutralize Picrotoxine, and, with the exception of 
acetic acid, do not increase its solubility. in water. 

4. Amnumiay potassa, and soda dissolve Picrotoxine freely. Acids, even 
carbonic acid, precipitate it from the concentrated Solutions. Picro- 
toxine therefore possesses the character of an acidrather thanofa base. 
The Solutions of Picrotoxine in potassa or soda when heated acquire a 
yellow or yellowish red color. 

5. If a Solution of picrotoxine containing potassa or soda is mixed 
with a Solution oftartrate qf copper and potassa and warmed gently, snb- 
oxide of copper separates. 

6. Solution qfiodxnej pieric add, tanme aeid, an4 metaUie salts do not 
precipitate Solutions of picrotoxine. 
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StSTEMATIC CoURSE FOR THE DeTECTION OF THE AlKALOIDS AlTD 

OF Salicine, Digitaline, and Picrotoxine. 

In the methods described under I. and II., it is presupposed that the 
nan-volatile alkaloids, &c,, are in concentrated Solution, dissolved in 
water by the aii^ency of acids, and free from anj substances which wonld 
obscure or moaiiy tne reactions. Under III. will be described methods 
to be used in the presence of colorin^ or extractive matters, and for the 
detection of volatüe alkaloids. 



I. Detection of the non-volatile Alkaloids, &c., in Solu«* 

TIONS CONTAININQ ONLY ONE OF THESE SUBSTANCES.* 

%246. 

I. To a portion of the Solution add a drop of dilute sulphuric acid 
and then some Solution of iodine in iodide of potassium or of phospho- 
moljbdic acid. 

a. No precipitate is formed. Absence of all alkaloids, possible 
presence of salicine, digitaline, Picrotoxine. Pass on to 5. 

* Where the detection of one of the fiye more frequeotly occarriog poisonoos alkv 
loids aloae is the object, the followiug simple metbod, devised by J. KRDMAiffH, will 
fully answer the purpose. 

In this method, which is more especially applicable in cases where the disposable 
quantity of sabstance is very suiall, the alkaloids are supposed to be pretent in the 
pure State and in the solid form. 

1. Treat the substanoe with 4 or 6 drops of pure concentrated sulphnrio acid. 
Yellow color, speedily changing to red : Yebatbia. 

Böse color, ohanging afterwards to yellow : Bbdcia. 

The other alkaloids, if pure, impait no color to the salphurio acid. (See HU8B> 
iCAKN's Statement in Opposition, § 234, 5.) 

2. No matter whether there is oolor or not» add to the fluid obtained in 1, 10 or 20 
drops of concentrated sulphuric add mized with nitrio acid (see foot-note to § 283, 7), 
then 2 or 3 drops of water. After a quarter or half-hour the fluid shows : 

a, a violet-red color : Morphia ; 
6. an onion-red color : Nabootuva ; 

c, a transient-red tint, changing to yellow : Brucia ; 

d, the red color of the sulphuric acid Solution of Yebatbia is not materially altered ; 

e, with 8TBT0HNIA no coloration is obserred. 

3. Put into the fluid obtained in 2, no matter whether oolored or not, 4 or 6 dean 
fragments of binoxide of manganese, of the size of a lentil. After an hour the fluid 
shows: 

a. a mahogany>brown color : Mobphia ; 

h, a yellowish-red to blood-red color : Nabootika ; 

c, a transient purple-violet tint» changing to deep onion-red : Stbtohnia ; 

d, a transient red tint, changing to gam böge- yellow : Bbucia ; 

e, a dark dirty oherry-red color : Vkratria. 

4. Pour the colored fluid obtained in 3, into a test tube oontaining 4 times the 
volume of water, and add amraonia until the neutralization point ia cUmoti attained. 
Heat must be as much as possibb avoided in these Operations. 

a. dirty- yellow color, changing to brownish-red upon supersaturation with ammoniai 
without immediate deposition of a notable precipitate : Mobphia ; 

6. reddisb ooJoratioo, more or less intense aocording to the degree of dilution ; upon 
supersaturation with ammonia, copious dark*brown precipitate : Nabootika. 

c. violet-purple colored Solution, becoming yellowish-green to yellow upon addition 
of ammonia in ezoess : Stbtohnia. 
' d, gold-vellow Solution, not materially changed by excess of ammonia : • Bsucia ; 

e. faint brownish Solution, toming yeUowish upon further addition of ammonii^ «ad 
depositing a greeniah light-brown precipitate : Yikatbu. 
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b. A preeipitate tsformed. There is cause to suspect the presence 
of an alkaloid ; pass on to 2. 
S. To a portion of the aqueous Solution add dilute potassa or soda 
drop bj drop, tili the fluid acquires a scarcelj perceptiole alkaline re* 
action, stir, and allow to stand for some time. 

a, No preeipitate is formed: this is a positive indication. if the 
Solution was concentrated, of the absence of all alkaloids; but 
if the Solution was dilute, there is a possibility that atropia maj 
be present Test fiirther porüons of the Solution therefore if neces- 
sarj according to § 241 with terchloride of gold^ tannic acid, and 
heating with sulphuric acid. 

K A preeipitate is formed. Add potassa or soda drop by drop 
tili the fluid is stronglj alkaline, and if it does not become clear, 
water also. 

a. The preeipitate disappears : morphia or atropia. Test a fresh 
portion of the Solution with iodic acid (§ 233, 10). 

aa, Separation of iodine : morphia. Confirm by § 233, 
7*8. 

Mf. No Separation of iodine: atropia. Confirm as in a. 
ß. The preeipitate does not disappear : presence of an alkaloid 
of the second or third group (atropia excepted). Pass on 
to3. 
3. To another portion of the original Solution add two or three drops 
of dilute sulphuric acid, then a saturated Solution of bicarbonate of soda, 
tili the acid reaction just vanishes ; stir actively with a glass rod, rubbing 
the sides of the vessel and allow to stand half an hour. 

a. No preeipitate is formed : absence of narcotina and cinchonia. 
Pass on to 4. 

b, A preeipitate is formed : narcotina, cinchonia, perhaps also 
quina (since its precipitation by bicarbonate of soda is entirely 
aependent on the amount of water present). To a portion of the 
original Solution add ammonia in excess, then a sufficient qnantity 
of ether, and shake. 

a, The preeipitate redissolves in the ether, the elear fluid presenting 
two distinet layers. Narcotina or quina. To distinguish between 
them test a ^esh portion of the ori^nal Solution with chlorine 
water and ammonia. If the Solution turns green, quina is 

Siresent, if yellowish-red, narcotina is present. To confirm 
br narcotina apply the test with sulphuric acid containing nitrio 
acid (§ 234, 6). 

ß. The preeipitate does not redissolve in the ether: cinchonia. 

To confirm try the deportment on heating (§ 236, 3) or to ferro- 

cyanide of potassium (§ 236, 8). 

4. Put a portion of the ori^nal substance or of the residue obtained 

by evaporating the original Solution, in a watch-glass, and add concen- 

trated sulphuric acid. 

a, A rose-colored Solution is obtained, which becomes intensely 
red upon addition of nitric acid : brucia. Confirm by nitric acid 
and protochloride of tin (§ 239, 6). 

b. A yellow Solution is obtained, which gradually turns yellowish» 
red, blood-red, and crimson : veratria. 

e. A colorless Solution is obtained, which remains colorless on 
Standing. Add a fragment of Chromate of potassa^ a deep blue 
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coloration indicates strtchnia^ no change indicates qüina. 
Confinn bj chlorine water and ammonia. 
5. To determine whether salicine, digitaline, or Picrotoxine are 
present, mix a fresh portion of the ori^nal Solution witn tannic acid. 

a, A dirty white ßocculent predpitate : dioitaline may bc 
suspected. Test for it with sulphuric acid and bromine water 
(§ 244, 3). 

b. No jyreeipitate is farmed, Make a portion of the original 
Solution barely alkaline with soda Solution, add a Solution of tar- 
träte of copper and potassa, and warm. 

a. Suboande of copper is thromn down : Picrotoxine may be sus- 
pected. Acidify a portion of the original Solution, add ether, 
shake, pour off the ethereal layer, and let it evaporate. If 
Picrotoxine is present, it will remain, and may be fiirther tested 
by § 246. 

ß, No suboxide of copper is thronm down: SALiciNB may be 
suspected. Test for it by boiling with dilute hydrochloric acid, 
<&c., according to § 243, 4, and by concentrated sulphuric acid, 
according to § 243, 3. 

II. Detection of the non-volatile Alkaloids, &c., in Solu- 
tions WEICH MAY CONTAIN ALL THESE SUBSTANOES. 

§ 247. 

1. Acidify the Solution with hydrochloric acid, add pure ether free 
from alcohol, shake, pour off the ether, and allow it to evaporate in a 
glass dish. 

a. No residue remains : absence of digitaline and Picrotoxine. 
Pass on to 2. 

b, A residue remains : digitaline and picrotoxine may be suspected 
(it must not be forgotten that other substances might pass into 
ethereal Solution under these circumstances, such as oxalic acid, 
tartaric acid, lactic acid, Otto). Add fresh ether to the aqueous 
residue, shake again ana pour off, in order to remove whatever is 
soluble in ether as completely as possible, and let the ether eva- 
porate. Proceed with the aqueous residue according to 2, and 
treat the residue of the ether Solution^ which may contain traces 
of atropia, as foUows : — 

a. Dissolve a portion in alcohol, and allow the Solution to 
evaporate slowly : long silky needles radiating from a point 
indicate Picrotoxine. Confirm according to § 245. 

ß. Dissolve a portion in concentrated sulphuric acid, and add 
bromine water. A reddish color indicates dioitaline. Con- 
firm bv § 244. 

y. Traces of atropia can only be recoemised by the property 
of the aqueous Solution of the residue to oilate the pupil. 

2. To a portion of the aqueous Solution add a Solution of iodine 
in iodide of potassium, to another portion add some phosphomolybdic 
acid. 

a. A predpitate is pradueed in both eases: alkaloids are indicated. 
Pass on to 3. 
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b. N0 predpiUUe it produeed «f» either ease : alkaloids are contra- 
indicated. Pass on to test for salicine according to § 243. 
8. To a amall portion of the aqueous Solution aidd potassa or soda 
tili just alkaline, oDserve whether or no a preoipitate is produeed, then 
add potassa or soda in g;ood excess and dilute. 

a. No preeipUate was produeed by potassa or soda, or a preoipitate so 
produoed hos redissolved : presence of atropia or morphia, absence of 
all other alkaloids. Mix a fresh and larger portion of the aqueous 
Solution with bicarbonate of potassa or soda in excess, stir, and 
allow to stand some time. 

CL No preoipitate is produeed : absence of morphia. Shake the 
fluid with eüier, separate the ether, allow it to evaporate, and 
test the residue for atropia by § 241, 6, 7, 8. 

ß. Ä preoipitate is produoed : morphia. Filter, treat the 
filtrate according to a, to test for atropia, and test the precipi- 
tate for morphia according^ to § 233, 7 and 8. 

b. Ä preoipitate was produeed by potassa or soda, whiek would not 
redusolve in excess of the preeipitant or by moderate dilution : treat a 
larger portion of the acidified aqueous fluid like the small portion 
above, and Alter. Proceed with the precipitate accordin^ to 4. 
Shake the alkaline filtrate with ether, allow to stand for an hour 
(so that the morphia which has at first dissolved in the ether maj 
separate again as completelj as possible), and separate the ether. 
Allow the ether to evaporate, and test tne residue for atropia 
according to § 241, 6, 7, 8. Separate the morphia from the 
aqueous lajer by carbonic acid (§ 233, 4) and test it according to 
§233, 7 and 8. 

4. Wash the precipitate filtered off in 3, J, with cold water, dis- 
solve it in sli^ht excess of dilute sulphuric acid, add Solution of bicar- 
bonate of soda tili the fluid is neutral, sür activelj, rubbing the sides 
of the vessel, and allow to stand for an hour. 

a, No precipitate is formed : absence of narcotina and cinchonia. 
Boil the Solution nearly to dryness, and take up the residue with 
cold water. If nothing insoluble remains, pass on to 6; if a 
residue does remain, examine it by 5 for quina (of which a small 
amount may be present) strychnia, brucia, and veratria. 

b. Ä precipitate is formed, (This may contain narcotina, cin- 
chonia, and quina, compare § 246, 3, b), Filter, proceeding 
with the filtrate according to «, with the precipitate as fol- 
lows : — ^Wash it with cold water, dissolve m a little hydro- 
chloric acid, add ammonia in excess, and then a sufficient quantity 
of ether. 

a. The preoipitate has eompletely dissolved in the ether , and two 
elear layers of fluid are formed : absence of cinchonia, presence of 

ä^ uina or narcotina. Evaporate the ethereal Solution, take up 

le residue with a little nydrochloric acid, add water tili the 
dilution is at least 1 : 200, then bicarbonate of soda tili neutral, 
and allow to stand for some time. A precipitate indicates 
NARCOTINA '. coufirm by chlorine water and ammonia, also by 
sulphuric acid containing nitric acid (§ 234). Evaporate the 
tflear fluid or the filtrate from the narcotina to dryness, and 
treat with water. If a residue remains, wash it, dissolve in 



368 DETECTION OF ALKALOIML [(SC. 



hydrochloric acid, and add chlorine water and aanMima; t 

green coloradon indicates quina« 

ß, The precipUate hos not dissolved in tke etker^ «r mH ntmfitftlf: 
ciNCHONiA, perhaps also quina or narcotiiuL I^ter, and lest 
the filtruto as in a for quina and narcotina; the prgcyitite 
conaiHtfl of cinchonia, and maj be fiirther teated aceoiding to 
S 2(iö, 3 or 8. 
5. Wasli the inHoluble residue of 4, a, with water, dij it in m water- 
bathy and digest with absolute alcohol. 

a, It dissolves eompletely : absence of strychniay presenee (tf 
(quina) brucia or veratria. Evaporate the alcoholic Solution on 
the water-bath to dryness, and, it quina has ahreadj been detected, 
divido the residue into two portions^ and test one part for bbücia, 
with nitric acid and protocnloride of tin (§ 239, 6), the otherfbr 
VKRATHIA, by means of concentrated sulphuric acid (§ 240, 6); bat 
if no quina has as yet been detected, divido the reddae into three 
]>ortionfl, a, b, e; examine a and b for brucia and veratbia, in 
the munner just stated, and c for quina, with chlorine water and 
nmmonia. ilowever, if brucia is present, dissolve e in hjdro- 
<;hloric acid, add ammonia and ether, let the mixture stanzt ibr 
Honie tiroe, evaporate the ethereal Solution, and examine the 
residue for quina. 

b, It does not dissolve, or at letut not eompletely : presence of 
STRYCHNiA, pcrhaps also of (quina) brucia and veratria. Filter, 
und examine the nitrate for (quina) brucia and veratria as 
dirccted in a. The identity of the precipitate with strjchnia is 
dcmonstrated by the reaction with sulphuric acid and Chromate of 
potassa (§ 238, 8). 

0. To the rest of the acidified Solution which has been exhausted 
with ether, add more hydrochloric acid and boil for some time. If a 

troci])itate is formed, the presence of salicine is indicated. Confirm 
y addini^ Chromate of potassa to the precipitated fluid and boiling 
(§ 243, 4) and by testing the original substance with concentrated 
sulphuric acid (§ 243, 3). 

III. DkTECTION of the AlKALOIDS and of DlGlTALINE AND 

Picrotoxine in Presence of Extractive and Colorino 
Veqetable or Animal Matters. 

The presence of mucilaginous, extractive, and coloring matters 
renders the detection of the alkaloids a task of considerable difliculty. 
These matters obscure the reactions so much that we are even unabie 
to determine by a preliminary experiment, whether the substance 
under examination contains alkaloids or not. I will now give several 
methods by means of which the Separation of the alkaloids from such 
extraneous matters may be efiectea, and their detection made practi- 
cable. Which of these methods to select will depend upon the par- 
ticular circumstances of the case. 
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1. Method of Stasi* for the Detection OF P0I8ONOU8 
Alkaloids (and of Dioitaline and Picrotoxine), modified 
BY /. Otto.f 

§ 248. 

Stas's process depends upon the foUowins' facts: 

a. The acid salts of the alkaloids are soluble in water and alcohol. 
ß. The neutral and acid salts of the alkaloids are generallj in- 
soluble in ether. Hence salts of the alkaloids do not usually pass 
into ethereal Solution when the neutral or acid Solution is shalcen 
with ether, and hence also the alkaloids pass into aqueous solu* 
tion as acid sulphates when the ethereal Solution of the pure 
alkaloid is shaken with dilute sulphuric acid. 

y. If aqueous Solutions containing" the neutral or acid salts of 
alkaloids are mixed with caustic, carbonated or bicarbonated 
alkaliesy the alkaloids are liberated, and if now ether or amylic 
alcohol is added and the mixture is shaken, the pure alkaloids pass 
into Solution in the latter fluid. 
It will be evident from the following that there are certain ex- 
ceptions to these general rules. 

a, If you have to look for alkaloids in the contents of a 
stomach or intestines, in food, or g'eneraily in pappy matters, mix 
the substance with twice its weigiit of strong pure alcohol, and 
just enoug^h tartaric acid to give a decided reaction, and warm to 
70^ or To"". AUow to cool thoroughly, filter, and wash with streng 
pure alcohol. 

ff you have to deal with the heart, liver, lungs, or similar 
Organs, cut them into fine shreds, meisten with the acidiiied 
alcohol, squeeze, repeat the Operation tili the substance is ex- 
hausted, and filter the mixed fluids. 

b, Evaporate the alcoholic fluids at a rather low temperature. 
This may be done on a water-bath, keeping the water at about 
80^. The Solution under these circumstances will not rise higher 
than 40 or 50**. If this temperature is considered too high, you 
may hasten the evaporation oy blowing air across the suriace of 
the Solution. Stas considers that the temperature should not ex- 
ceed 35° ; he therefore evaporates under a bell-glass over sulphuric 
acid, with or without the aid of an air pump, or in a retort with 
a current of air passing through it. Such extreme caution, how* 
ever, is very rarely necessary ; at all events, the principal bulk of 
the fluid may always be evaporated off on a gently heated water- 
bath. 

If insoluble substances separate on evaporation ^&t, (&c.), as 
indeed is usually the case, filter the now aqueous fluid through a 
moistened filter, and evaporate the filtrate and washings as above 
described to the consistence of an extract. If no insoluble sub- 
stances separate on evaporating the alcoholic fluid, you may, of 
course, at once evaporate to the consistence of an extract. 

* Bull, de rAoad^mie de MMecine de 1a Belgiqae, 9, 304— Jahrb. f. pnüct 
Pharm. 24, 81S— Jahresb. von Luebio u. Kopp, 1861, 640. 

t AdiuJ. der Cheui. u. Pharm. 100, 44 — Otto*8 Anleit. zur Ausmiitel. der Gifte, 
3 ed., 33. 
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0. To the residue left on evaporacion, add gradually emall Dor- 
tions of cold absolute aloohol, mix intimatelj, aad noallY aad a 
large quantity of alcohol, in order to separate everjtliii^ that can 
be precipitated by it. Filter the alcoholic extract throu^h a ülter 
moistened with alcohol, wash the residue with cold alcohol, 
evaporate the alcoholic Solution at a low temperature (see above), 
take up the residue with a little water, neutralise the greater 
part ot the free acid with dilute soda, lea^ing the Solution dis- 
tinctly acid, and shake with pure ether, free from alcohpl and oil 
of wine (Otto). By the aid of a separating fiinnel, or an ordinary 
burette, separate the ether fix)m the aqueous layer, and wash the 
latter again and again with fresh ether, until the ether is no longer 
colored. The ether takes up besides coloring matters also Picro- 
toxine and digitaline (and colchicine). It is advisable to keep 
the iirst strongly colored ethereal extract apart from the subse- 
quent ethereal washings, so that they may be examined separately 
(compare Ä). 

d. Warm the aqueous Solution which has been separated from 
ether gently, to remove the dissolved ether, and add Solution of 
soda cautiously, tili the fluid gives a distinct reaetion with turmeric 
paper. The alkaloids are thus liberated, morphia dissolving in the 
excess of soda. Shake the fluid with pure ether, and after half 
an hour or an hour, separate the two layers of fluid as in e. The 
ethereal extract contains the whole of the alkaloids, except 
morphia, only a small part of which dissolves in it. The amount 

\ of morphia dissolved by the ether is the smaller. the more com- 
pletely the acidifled aqueous Solution was freed from dissolved 
ether, and the longer the tirae which was allowed to elapse be- 
tween the shaking with ether and the Separation of the two layers 
of fluid. Allow a portion of the ethereal extract to evaporate m a 
large watch-glass, which should be heated to about 2Ö or 30® (to 
prevent condensation of water). If no residue remains, no alkaloid 
was dissolved in the ether; pass on to ^. If a residue does re- 
main, its appearance will give you some idea of the nature of the 
alkaloid : tnus oily streaks which gradually collect to a drop, and 
when gently wanned give an unpleasant suflbcating odor, would 
indicate a fluid, volatile base ; while again a solid residue, or a 
turbid fluid containing solid particles in Suspension, would indicate 
a non- volatile solid base. Ii the ethereal extract has left a residue, 
repeat the treatment of the aqueous fluid with fresh supplies of 
ether, tili a portion of the last ethereal washings leaves no residue 
on evaporation. Allow the mixed ethereal extracts to evaporate in 
a small glass dish placed upon a bath containing water at aoout 30°, 
keeping the little dish filled up by the addition of fresh quantities. 
The aqueous fluid which contains the morphia is to be examined 
according to g. 

e, If tue acidifled aqueous fluid in e has been well exhausted 
with ether, on the evaporation of the ethereal extract the alkaloids 
will remain in so pure a State, that the tests may be applied at 
once to the residue. If the residue consists of oily streaks or drops, 
complete the evaporation in a vacuum over sulphuric acid, in order 
to remove the remainder of the ether and ammonia, and then test 
£)r conia and nicotina according to p. 348. If the residue is crys- 
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talline, examine it under the microscope^ and then test it according 
to § 246 or 247, unless the appearance of the crystals should indi- 
cate a particular alkaloid. If the residue consists of amorphous 
rings, aissolve it in absolute alcohol with the aid of a gentle heat, 
allow the Solution to evaporate slowly, obeerve wnether any 
crystals are thus formed, and then proceed as directed. 

/. If, on the contrary, the acidified aqueous fluid in e has been 
insuflSciently treated with ether, the residue obtained on the 
evaporation of the ethereal extract will not be pure enough to be 
tested at once. In this case dissolve it in water slightly acidified 
with sulphuric acid, filter if necessary, and shake repeatedly with 
ether (tne ethereal Solution may contain the remainder of the 
Picrotoxine and digitaline, and is to be treated like the ethereal 
Solution obtained in c), mix the aqueous Solution with potassa in 
good excess, and shake repeatedly with ether, as prescribed in tf. 
Allow the ethereal extracts to evaporate, and proceed with the 
residue, thus purified, sls in e;* mix the aqueous fluid, which may 
contain the remainder of the morphia, with the fluid obtained in d, 

g, The alkaline fluid obtained in dy or in d and /, which must 
contain the whole or the greater part of the morphia, is treated as 
foUows : — Add hydrochloric acid to acid reaction, then ammonia 
in excess, then without delay pure amylic alcohol, and shake.f 
As morphia is decidedly more readily soluble in warm amylic 
alcohol than in cold, it is advisable to aip the flask in warm water. 
Separate the two fluids by means of a lunnel, and repeat the ex- 
traction with fresh quantities of amylic alcohol. Allow the amylic 
extracts to evaporate, and test the residue for morphia. If the 
residue is not Dure enough, dissolve it in water acidifled with sul- 
phuric acid, nlter, shake with warm ^oylic alcohol, mix the 
aqueous fluid with ammonia, and shake witn amylic alcohol. On 
evaporating this amylic extract the morphia will remain pure. 

Ä. The ethereal extracts obtained in ö, or in c and/, have now to 
be tested for Picrotoxine and digitaline. The extracts also contain 
coloring matters, which are principally present in the first portions. 
It is therefore advisable to evaporate the first portions apart firom 
the latter portions, and to examiae the residues separately. 

Warm them with water, and filter the Solutions from the 
insoluble matter, which generally has a resinous character. If the 
Solutions possess an acid reaction, neutralize with some precipitated 
chalk, evaporate cautiously to dryness, exhaust the residue with 
ether, allow the extract to evaporate, treat the residue again with 

* Ab it appean tbat stryohnia oannot be obtained pure in tbis way, Fb. Janssins 
recommends (2ieit8cbr. f. anal. Cbem. 4, 48) to mix tbe Solution in dilute tartario acid 
containing foreign substances, with finely powdered bicarbonate of wxla, so tbat tbe 
flaid may be acidified with free carbonio acid only. If aoy precipitate is formedf this 
should be filtered off as quick ly as possible. Tbe stryconia is dissolved in tbe free 
carbouic acid, and will be precipitated by boiling tbe filtrate and partially eTaporating 
it. When it has been filtered off and wasbed, it is dissolved in a smail quantity of 
dilnte snlpbaric acid (1 : 200), carbonate of potassa is added in exce8^ and Uie fluid is 
sbaken with six times its volume of ether, whicb is then poured off aiid allowed to 
evaporate. 

f Stab reoommended ether only for the extraction of alkaloids, wfaile L. T. Uslae 
and J. Ebdmann (Annal. d. Chem. n. Pharm. 120, 121, and 122, 860) prefer tbe use 
of amylic alcohol only. However, it ia best to employ both menstrua •• direoted in 
thetexi. 

B B 2 
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water, and test the aqueous Solution thus obtained for digitalme, 
Picrotoxine, and traces of atropine, according to § 247, 1. (In the 
presence of colcbicine the aqueous Solution would appear yellow.) 

2. Methods of detecting Strychnia, based upon the Use 

OF Chlorofor'm.* 

§ 249. 

a. Rodgers and Oirdwood^s METHOD.f 

Dig'est the substance under examination with dilute hydrochloric acid 
(1 part of acid to 10 parts of water) and filter ; evaporate the filtrate on 
the water-bath to dryness, extract the residue with spirit of wine, evapo- 
rate the Solution, treat the residue with water, iilter, supersaturate the 
filtrate with ammonia, add 15 grm. of Chloroform, shake, transfer the 
Chloroform to a dish, by means of a pipette, evaporate on the water-bath, 
meisten the residue with concentratea sulphuric acid, to effect carboniza- 
tion of foreign orj^nic matters, treat with water, after the lapse of several 
hours, then filter. Supersaturate the filtrate again with ammonia, and 
shake it with about 4 grm. of Chloroform. Repeat the same Operation 
until the residue left upon the evaporation of the Chloroform is no lon^r 
charred by sulphuric acid. Transfer the Chloroform Solution, which 
leaves a pure residue, drop by drop, by means of ajcapillary tube, to the 
same spot on a heated porcelain dish, letting it evaporate, then test the 
residue with sulphuric acid and Chromate of potassa. Rodqers and 
GiRDwooD succeeded in detecting' by this method so small a quantity 
of strychnia as the ^-^js of a grain. 

h. Method recommended by E. Prollius.X 

Boil twice with spirit of wine, mixed with some tartaric acid, evapo- 
rate at a gentle heat, filter the residuary aqueous Solution thronen a 
moistencd filter, add ammonia in sli^ht excess, then about l^grm. Chlo- 
roform, shake, free the deposited Chloroform thoroughlv from the ley, 
by decanting and shaking with water, mix the Chloroform so purified 
with 3 parts of spirit of wine, and let the fluid evaporate. If there is 
any notable quantity of strychnia present^ it is obtained in crystals. 

0. Method recommended by R. P. HTumas.^ 

Acidify slightly with pure acetic acid|| (sp. gr. 1-041), and digest for 
several hours at a gentle heat, then strain, press, filter, add potassa in 
good excess, and shake with Chloroform. Separate the Chloroform, wash 
it from potassa, and evaporate; the strycnnia will be found in the 
residue. The morphia remains in the potassa, and may be preeipitated 
gradually by chloride of ammonium. 

* These methodi are do doubt usefal also for effeoting the separatioo of other 
alkaloids ; bowever, the deportment of the lätter with Chloroform has not yet been 
safficiently studied. 

t LiKBio and Kopp's Jahresbericht, 1857, 608. Pharm. Joam. Trans., 16, 497. 

t Chem. Ceotrabl., 1857, 2S1. 

§ Zeiteohr. f. anal. Chem. 1, 517. This method inolndee the deteotion of morphia. 

II Acetic acid is recommended, •• it also didsolves the tannates of stryohnia and 
morphia. 
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3. MeTHOD OF EFFECTING THE DeTECTION OF StRYCHNIA IN BeER, 

BY Graham and A, W, Hofmann/^ 
§250. 

Tliis method, which is based on the known fact that a Solution of a 
salt of strychnia, when mixed and shaken with animal charcoal, yields 
its ßtrychnia to the charcoal, will undoubtedlj be found applicable also 
for the detection of other alkaloids. The process is conducted as 
follows : — 

Shake 30 grm. animal charcoal in 1 litre of the aqueous neutral or 
feeblj acid fluid under examination ; let the mixture stand for from 12 
to 24 hours, with occasional shaking, fi Iter, wash the charcoal twice 
with water, then boil for half-an-hour with 120 c.c. of spirit of wine of 
80 — 90 per cent, avoiding* loss of alcohol by evaporation. Filter the 
spirit of wine hot from the charcoal, and distil the filtrate ; add a few 
drops of Solution of potassa to the residual watery fluid, shake with ether, 
let the mixture stand at rest, then decant the supernatant ether. The 
ethereal fluid leaves, upon spontaneous evaporation, the strychnia in a 
State of sufficient purity to aamit of its further examination by reagents. 

Macadam t employed the same method in bis numerous experiments 
to detect strychnia in the bodies of dead animals. He treated the 
comminuted matters with a dilut« aqueous Solution of oxalic acid in the 
cold, filtered throuffh muslin, washed with water, heat^d to boilinff, 
filtered still warm, rrom the coagulated albuminous matters, shook witn 
charcoal, and proceeded in the manner just described. According to bis 
Statements, the residue left by the evaporation of the alcoholic Solution 
was generally at once fit to be tested ior strychnia. Where it was not 
80, he treated tlie residue again with Solution of oxalic acid, and repeatcd 
the process with animal charcoal. 

4. Separation by Dialysis. 

§ 2Ö1. 

The dialytic method devised by Graham, and described in § 8, may 
also be advantageously employed to effect Üie Separation of alkaloids 
from the Contents of the stomach, intestines, (fec. Acidify with hydro- 
chloric acid, and place the matter in the dialyser. The alkaloids, being 
crystalloids, penetrate the membrane, and are found, for the greater part, 
«fter 24 hours, in the outer fluid ; from this they may, then, according 
to circumstances, either be thrown down at once, after concentration by 
evaporation ; or they may be purified by one of the above described 
metnods. 

II. 
General Plan of the Order in which Substances 

SHOULD be ANALYSED FOR PrACTICE. 

§262. 

It is not a matter of indifPerence whether the Student, in analysing 
for the sake of practice, follows no rule or order whatever in the 

. * Chem. Soe. Quart. Jonm., 5, 178. f Pharm. Journ. Trans., 16, 120, 160. 
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selection of the substances whicb he intends to analjse, or whethcr, on 
tlie contrarjy bis investigations and cxperiments proceed systematicallj. 
Many ways, indeed, may lead to the aesired end, but one of them wül 
invariably prove the sbortcst. I will, tberefore, kere point out a course 
wbicb experience bas shown to lead safely and speedily to the attain- 
ment of tue object in view. 

Let the Student take 100 Compounds, systematically arrangfed («e 
below), and let bim analyae these Compounds successiyely in the order 
in whicb they are placed. A carefiil and diligent examination of these 
will be amply sufücient to impart to bim the necessary degree of skill in 
practical analysis. Wben analysing for the sake of practice only, the 
Student must above all things possess the means of yenfying the results 
obtoined by bis experiments. The Compounds to be examined onght, 
tberefore, to be mixed for him by a friend who knows their exact com- 
position. 

A. From 1 to 20. 

Aqueous SOLUTIONS OF SIMPLE 8ALTS : e.g.j sulphate of soda, 
nitrate of lime, cbloride of copper, &c. These investigations will senre 
to teach the Student the method of analysing substances soluble in water 
wbich contain but one base. In these investigations it is only intended to 
ascertain whicb base is present in the fluid under examination ; but 
neither the detection of tbe acid, nor the proof of the absence of all 
other bases besides the one detected, is required. 

B. Frcmi 21 to 50. 

SaLTS, etc., CONTAININQ one BASE AND ONE ACID, OR ONE 

METAL AND ONE METALLOID (in form of powder): e.g,y carbonate of 
baryta, borate of soda, phosphate of lime, arsenious acid, cbloride of 
sodium, bitartrate of potassa, acetate of copper, sulphate of baryta, 
cbloride of lead, &c. These investigations will serve to teach tbe Stu- 
dent bow to make a preliminary examination of a solid substance, by 
beating in a tube or before the blow-pipe ; bow to convert it into a 

Sroper form for analysis, t.^., bow to dissolve or decompose it; how to 
Ptect one metallic oxide, even in substances insoluble in water ; and bow 
to demonstrate tbe presence of one acid. The detection of bodi the base 
and tbe acid is required, but it is not necessary to prove that no other 
bodies are present. 

C. Fr(m öl to 6ö. 

Aqüeous or acid SOLUTIONS op 8EVERAL BASES. Theso iuves- 
tigations will serve to teach the Student tbe method of separating and 
distinguisbing several metallic oxides from each other. Tbe proof is 
required that no other bases are present besides those detected. No 
regard is paid to the acids. 

D. Fnm 66 to 80. 

Dry mixtures of every description. A portion of the salts 
should be organic, anotber inorg-anic; a portion of the compoimds 
soluble in water or hydrochloric acid, anotber insoluble ; e^,y mixtures 
of cbloride of sodium, carbonate of lime, and oxide of copper ; — of pbos- 
phate of ma^^esia and ammonia, and ursenious acid ;^-of tartrate of 
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lime, Oxalate of lime, and sulphate of baryta ;— of phosphate of soda, 
nitrate of ammonia, and acetate of potassa, &c, 

These investi^tions will serve to teach the Student how to treat 
mixtures of difiPerent substances with solvents ; how to detect several 
acids in presence of each other ; how tx) detect the bases in presence 
of phosphates of the alkaline earths ; — and they will serve as a general 
introduction to scientific and practical analysis. All the component 
parts must be detected^ and the natura of the substance ascertained. 



E, JFV(M» 81 to 100. 

Native COMPOUNDS, ARTiCLES OF COMMERCE <tc. Mineral and 
other waters^ minerals of every description, soils, potash, soda, alloys, 
colors, &c. 



IIL 

Arrangement of the results of the Analtses pbrformed 

fjor Practice. 

§ 253. 

The manner in which the results of analytical investigations ought 
to be arranged is not a matter of indifference. The following" examples 
will gerve to illustrate the method which I have found the most suitable 
in this respect. 



Plan of arranging the Results of Experiments, Nos. 1 — 20. 

Golorless fluid of neutral reaction. 



HCl 

no preeipitate, 
consequently no 

Hg.O 



HS 
no preeipitate, 
noPbO 
„ %0 
CuO 






Bio, 
„CdO 



„ As 0, 
„AsO. 

„SnO 
„PtO. 



yy 



Fe,0. 



NH,S 
no precipitaUy 
noFeO 
„MnO 

„CoO 
ZnO 



jf 



„ Cr, 0. 



NH,0,CO,and 

N H,C1 
a white preeipitate f 
consequently either 
BaO,8rO,orCaO, 
no preeipitate by 
Solution of sul- 
phate of lime, 
consequently 

LIME. 

Confirmation by 
Ü 
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Plan of arranging the Results of Experiments, Nos. 21 — 60. 

White powder, fusing: in the water of crystallization upon application 
of heat^ then remaining unaltered — eoluble in water — ^reaction 
neutral. 



HCl 


HS 


NH,S 


N HP, C 0., 
and N H,C1 


2NaO,HO,PO.and 


no preci' 


no preei" 


no precipi- 


NHp 


pitate. 


pitate. 


täte. 


no prectpi" 
tote. 


a white preeipitaUy 
consequently 

HAGNR8IA. 



The detected base being MgO, and the analjsed substance being 

ßoluble in water, the acid can only be Cl, I, Br, S 0„ N 0,, Ä, &c, The 
preliminary examination has proved the absence of the organio acids 
and of nitric acid. 

BaCl produces a white precipitate which HCl ISeüIs to dissolve; 
consequently sulphüric acid. 
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IV. 



TABLE 

Of THl 

MORE FREQUENTLY OCCUBEING FOEMS AND 
COMBINATIONS OF THE SUBSTANCES TRBATED OF IN THE 

PBESENT WORK, 

ABRAVOID 

WITH XSPIOIAL KMABD TO THl CLABS TO WHIOH TBIT «BSPIGTIYILT BHAIO 

▲OOOBDIirO TO THUB BOLUBIUTT 

IN WATER, IN HYDROCHLORIC ACID, IN NITRIC ACID, 
OR IN NITROHYDROCHLORIC ACID. 



§ 254. 

PRBLIMINART REMARKS. 

The class to which the several Compounds respectivelj belon^ sc- 
cording to their solubilitj in water or acids ^see § 179), is expressed bj 
figfures. Thus 1 or I means a substance soluble in water ; 2 or II i 
substance insoluble in water, but soluble in hjdrociüoric acid, nitrie 
aeid, or nitrohydrochloric acid; 3 or III a substance insoluble in water, 
in hydrocblonc acid, and in nitrie acid. For those substances which 
stana as it were on the limits between the various classes, t)ie fieure« 
of the classes in question are jointly expressed : thus I — 2 signifiies t 
substance sparingly soluble in water, but soluble in hydrochloric add 
or nitrie acid ; 1 — '6 a body sparingly soluble in water. and of which the 
solubilitj is not notablj mcreased oy the addition ot acids ; and 2—3 
n substance insoluble in water, and sparingly soluble in acids. Wher- 
ever the deportment of a substance with hydrochloric acid differs ma- 
terially firom that whioh it exhibits with nitrie add, this is stated in the 
notes. 

The Roman figures denote officinal and more commonly oocumng 
Compounds. 
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The haloid ealts and snlphnr Compounds are placed in the oolmnns 
of the correspondin^ oxides. The salts ^ven are, as a general rule, the 
neutral salts ; the oasic, acid. and douole salts, if omcinal, are men- 
tioned in the notes ; the small figures placed near the corresponding^ 
neutral or simple salts refer to these. 
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NOTES TO TABLE OF SOLÜBILITY. 

. Bichromate of potasaa I. 

. Rieulpbate of potasea 1. 

. Tartarized borax I. 

. Binoialate of potasea J. 

. Bitartrat« of potassa I. 

. Tartrate of ammonia and potassa I. 

. Tartrate of soda and potassa I. 

i. Phosphate of soda and ammonia I. 
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Hg,0 


HgO CttO 
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1 


1-2 


1 


1 


1 


1 
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'i'^z 


AgC 


PbO 


H&O 


HgO 
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Bio, 


CdO 


AuO, 


PtO, 


SnO 


SnO, 


SbO, 





9. Biborate of soda I. 

10. Bicarbonate of soda I. 

11. Basic phosphate of lime IL 

12. Phospnate of ammonia and magnesia II. 

13. Sulpnate of alumina and potassa I. 

14. Sulphate of nlumina and ammonia I. 

15. Sulphate of sesquioxide of chromium and potassa I. 

16. Sulphide of zinc readilj in nitric acid^ rather difficultly in hydro- 

chloric acid. 

17. Peroxide of manganese readily in hydrochloric acid^ not in nitric acid. 



3S2 SOLÜBILITY. [§ 254. 

18. Sulphide of nickel rather readily in nitric acid, with great difficultj 

in hvdrochloric acid. 

19. Sulphide of cobelt like sulphide of nickel. 

20. Sulphate of protoxide of iron and ammonia I. 

21. Chloride of arsenic and ammonium I. 

22. Tartrate of sesquioxide of iron and potassa I. 

23. Sulphide of silver in nitric acid only. 

24. Minium is converted by hvdrochloric acid into chloride of lead, bj 

nitric acid into protoxide, which dissolves in excess of acid^ md 
into brown peroxide, which is insoluble in nitric acid. 
25..Tri8acetate of lead I. 

26. Mercurius solubilis Hahnemanni II. 

27. Basic sulphate of oxide of mercury II. 

28. Double cnloride and amide of mercury II. 

29. Suli)hide of mercury, not in hydrochloric acid, not in nitric acid; 

but in warm aqua regia. 

30. Sulphate of copper and ammonia I. 

31. Sulphide of copper difficultly in hydrochloric acid, readily in nitric 

acid. 

32. Basic acetate of copper partially in water, completely in acids. 

33. Basic chloride of bismutn IJ, 

34. Basic nitrate of bismuth II. 

35. Chloride of sodium and gold I. 

36. Sulphide of gold, not in hydrochloric acid nor in nitric acid, but in 

warm aqua regia. 

37. Potassio-bichloride of platinimi 1-3. 

38. Ammonio-bichloride of platinum I-III. 

39. Sulphide of platimmi, not in hydrochloric acid, scarcely in boiling 

nitric acia, but in warm aqua regia. 

40. Chloride of ammonium and tin I. 

41. Protosulphide and bisulphide of tin in warm hydrochloric acid, 

converted by nitric acid into binoxide, which is insoluble in 
excess of the acid. Sublimed bisulphide of tin only in warm 
aqua regia. 

42. Teroxide of antimony in hydrochloric acid, not in nitric acid. 

43. Basic chloride of antimony II. 

44. Sulphide of antimony in hydrochloric acid, particularly on heating; 

aecomposed but only very partially dissolved by nitric acid. 

45. Sulphide of antimony and calcium I-II. 

46. Tartrate of antimony and potassa I. 
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A CETATES, properties, 218 
-^ — reactiona. 218 
Acetic acid, detection, 220 

— pn>pertie8, 218 

— purification, 40 

— reactioDS, 218 

— teats of purity, 39 
•— uses M reageot, 40 
Acids, grouping, 170 

Albanien on metaphoaphorie acid, 180 

— on pbosphoric acid, ] 80 

— on pyrophosphoric aoid, 180 
Alcobol, preparation of absolute, 35 

— tests of pnrity, 35 

— oses aa reagent, 36 

— on acetatea, 219 

— oncbromates, 172 

— on furmates, 220 

— on osmic acid, 141 
Alkalies, properties, 81 
Alkaline earths, properties, 89 
Alloys, analysis, 235 

— preliminary examination, 281 
Alfftninfc, deoomposition of inaolnble eom- 

ponnds, 99 

— properties, 99 

— reactions, 99 

— Separation from Besqaiozide ohromium, 

102 
Alämina carbonate, properties, 100 
Alomina pbospbate, properties^ 100 
Alnmina salts, properties, 99 
Alaoiiniain, properties, 99 
Ammonia, detectioo of oÜDiite qaantitiea^ 87 

— Nksslsr's test, 87 

— preparation of solation, 51 

— properties, 85 

— reactions, 85, 87 

— Separation from otbsr alkalies^ 86 

— tests of purity, 51 
•— oses as reagent, 51 

— un aluniina balt«, 100 

— on autimony salts, 150 

— on baryta salts, 90 

— on ber>)la salts, 103 

— on bismutb salts, 136 

— on cndmium salt«, 138 

— on reriuiB salts, lu6 

— on ebrominm salta, 101 

— OB cobalt s«lt% 118 



Ammonia, on oopper lalts, 134 

— on didymium salta, 107 

— on gold salts, 148 

— on hydrofluosilioio aoid, 176 

— on indinm salts, 126 

— on iron protoxide salts, 120 

— on iron sesquioxide salts, 121 

— on lanthanium salts, 107 

— on lead salts, 130 

— on Urne salti^ 93 

— on magnesia salts, 95 

— on manganese salts, 114 

— oti meroury chloride, 87 

— on meronry cbloride and toda carbonate, 

87 

— on mercuxy and poiassium iodide^ 87 

— on mercury oxide salts, 133 

— on meroury subsalts, 129 

— on nickel salts, 116 

— on niobic acid, 110 
"^ on osmic acid, 141 

— on palladium salts, 140 

— on rbodium salts, 140 

— on silver salta, 128 

— on strontia salts, 91 

— on tantalic acid, 109 

— on thallium protoxide salts, 125 

— on thuria salts, 103 

— on tin binoxide salts, 148 

— on tin protoxide salts, 146 

— on titanic acid, 108 

— on uranium salts, 124 

— on yttria salta, 1 05 

— on linc salts, 112 

— on siroonia salts, 104 
Ammonia bitartrate, properties, 85 
Ammonia carbonate, preparation of Solution, 

58 

— tests of purity, 58 

— uses as reagent, 58 

— on alumina salts, 100 

— on antimony salts, 150 

— 00 baryta salts, 90 

— on berylla salts, 108 

— on bismutb salts, 186 

— on cadaiiüm salts, 138 

— on oerium salts, 106 

— on chromium salts, 101 

— on didymium salts, 107 

— on iudium salts, 126 
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AmmoniA oarbonate, on lanthftnimn aalu, 
lü7 
/ — on lime aklim, 98 

— on magnesia aalts, 96 

— on strontia aalte, 91 

— on thallinm protoxide aalte^ 125 

— on thorianlte, 103 

— on tin binoxide aalte, 148 

— on tin protoxide aalte, 146 

— on uraninm aalte, 124 

— on yttria aalte, 105 

— on zinc aalte, 112 

— on zirconia aalte, 104 
Ammonia molybdate, prapftration, 60 

— oaea aa reagent, 61 

— on araenio acid, 179 

— on pkoaphorie add, 179 

— on pyrophoaphorio add, 180 

— on ailicio add, 179 
Animonia Oxalate, preparation, 56 

— preparation of aolotion, 57 

— teate of pority, 57 

— usea aa reagent, 57 

— on baryta aalta, 90 

— on indium aalte, 126 

— on lime aalte, 93 

— on maf^eata aalte, 96 

— on atrontia aalte, 92 

Ammonia phoaphomolybdate,propertiea, 179 
Ammonia aalta, prupertiea, 85 
Ammonia yanadate, propertiea, 127 
Ammoniom chloride, preparatbn of aoln- 
tion, 61 

— purifioation, 61 

— teate of parity, 61 

— uaes aa reagent, 61 

— on Iridium aalta, 19$ 

— uu platinum aalte. 144 

— on rutbenium aalte, 141 

— on ailicatea, 189 

— on vanadatea, 127 

Ammouium and platinum obloride, pro- 
pertiea, 85 
Ammonium aulpbide, aotion of air, 54 

— action of aoid on yellow, 55 

— nature of yellow, 55 

— preparation, 54 

— teate of purity, 55 

— uaea as reagent, 55 

— on antimony aalta, 150 

— on araenio aoid, 162 

— on araenious add, 155 

— on berylla aalta, 103 

— on biamutb aalte, 186 

— OQ chromatea, 172 

— on cobalt aalte, 117 

— on cyanidea, 198 

— on gold aalta, 148 

— on indium aalta, 126 

— on iridinm aalte, 166 

— on iron protoxide aalta^ 119 

— on iron aeaqnioxide aalta, 121 

— on manganeae aalta, 118 

— on meronry aabaalta^ 129 

— on mdybdie add, 167 



Ammonium anlpbide, on nielcel lalti^ 115 

— on niobic add, 110 

— on palladiam aalta, 140 

— on platinum aalta, 144 

— on rutbenium aalta, 142 

— on niver aalta, 128 

— on tentelic add, 109 

— on tballium protoxida aalta, 125 

— on tboria aalta, 108 

— on tin binoxide aalta, 148 

— on tin protoxide aalta, 146 

— on titanie aoid, 108 

— on tuDgatetea, 168 

— on uraninm «dta, 124 

— on vanadatea, 126 

— on yanadic add, 126 

— on yttria aalta, 105 

— on linc aalta, 112 

— on zirconia aalte, 104 
Analyais, courae, 225 

— remarka on courae, 827 

— arrangement of reaulta, 875 

— of aimple compoonda when aoloble ii 

water, 236 

— of aimple compoonda when adable in 

aoida, 245 

— of dmple Compound« wben inaolnbl«^ 

249 

— of eomplex compoonda when adaUe, 

251 

— of eomplex compoonda when inaduUe, 

278 
Antimonatea, propertiea, 149 
Antimonetted bydrogen, propertiea, 151 

— aeparation from aiaenettad hydrofn, 

164 
*- on ailver nitrate, 164 
Antlmonic acid, propertiea, 149 

— aeparation from antimony taroxide^ 165 
Antimony, propertiea, 148 

— reactiona, 149 

— aeparation from tin and araenio, 163 
Antimony oxidea, propertiea, 149 
Antimony aalta, propertiea, 149 
Antimony teroxide, aeparation firom aati« 

monio add, 165 
Antimony teraulpbide, propertiea, 150 
Äpparatus, liat, 81 
Aqua regia, nature, 42 

— preparation, 42 

— naea aa reagent, 48 
Araenatea, propertiea, 161 
Araenetted bydrogen, propertiea^ 156 

— aeparation from antimonetted hydrogea, 

164 

— on ailver nitrate, 164 

Araenio, detection in poiaoning caaea, 808 

— garlic odor, 161 

— MAhaH's teat, 156 

— propertiea, 152 

— Ksirsob's teat, 155 

— aeparation from tin and antimoiiy, M 
Araenio add, propertieB, 161 

— reactiona, 161 

— aeparation from arwnUnis add, 165 
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Anenie pentasolpliida, fbnnaUoB, 162 
^- Mparation from arsenictennilphide, 165 
Anenio terralphide, properiies, If 8 

— Separation firom anenio pentasolpliide, 

165 
AneniouB acid, properiUi^ 158 

— best way to ideuli^ when pvit, 158 

— reaeliona, 153 

— Separation from arsen&o aoid, 165 
Arsenites, properties, 158 

Ashf analysis, 828 

Atropine, detection» 861, 86i^ 866, 869 

— properties, 860 

— reactions, 861 

— salts, properties, 860 



BARIUM ohlorideypreparation from heavy- 
spar, 64 

— preparation from witherite, 64 

— preparation of Solution, 64 

— teste of paritjy 64 

— oses as reageot, 64 

— on benxoates, 217 

— on borates, 181 

— on oarbonates, 189 

— on bydroflaoric add, 188 
^- on bydroflaoflUicio acid, 176 

— on bypophospbitei, 205 

— on hjpoeolphites, 174 

— oniodates, 174 

— on Oxalates, 182 

— on Perchlorates^ 209 

— on phospborie add, 177 

— on phosphoroos acid, 187 

— on pyrophotphorio add» 180 

— on selenions add, 169 

— on Buednates, 216 

— on solphates, 175 

— on snlpbites, 178 
-— on tnngstates, 168 

— on Tanadates, 126 
Barinm flaoride, properties, 188 
Barium uUcofluoride, properties, 90 
Baryta, preparation uf erystals, 51 

— preparation of dry hydcate, 75 

— preparation of Solution, 52 

— properties, 89 

— reactions, 90 

— Separation from other alkaline earths, 

97 

— and strontia, detection of miaute quan- 

tities in presence of lime^ 98 

— tests of purity, 52 

— uses as reagent, 52 

— uses as fluz, 75 

— on oarbonio add, 188 

— on magneaia salts, 95 
Baryta aoetate ou eitrates, 212 
Baiyta borate, properties, 181 
Baryta carbonate, preparation, 65 

— properties, 90 

— tests of purity, 65 

— uses a« reagent, 65 

— on alumin» «Oti^ 100 



Baryta cariMmaie, on berylla laUi, 108 

— on oerium salts, 106 

— on chromium salts, 101 

— onoobalt salts, 118 

— on didyminm salts, 107 

— on indiam salts, 126 

— on iron protoxide salts, 120 

— on iron sesquiozide salts, 122 

— on lanthanium salts, 107 

— on manganese salts, 114 

— on ni^el salts, 116 

— on thoria salts, 108 

— on titanio add, 108 

— on uraninm saits, 124 

— on yttria salts, 105 

— on linc salts, 112 

— on ziroonia salts, 104 
Baryta Chromate, properties, 91 
Baryta citrate, properties, 212 
Baryta iodate, properties, 174 
Ba^ta nitrate, preparation, 65 

— preparation of Solution, 65 

— teste of purity, Ü6 

— uses as reagent, 65 

Baryta Oxalate, properties, 90, 182 
Baryta phosphato, properties, 90 
Baryta pyrophosphate, properties, 180 
Baryta salts, properties, 90 
Baryta selenite, properties, 169 
Baiyta sulphate, properties^ 90 
Bases, groups, 81 

— of group 1, properties, 81 

— of group 2, properties, 89 

— of group 8, properties, 98 

— of group 4, properties, 111 

— of group 5, properties, 127 

— of group 6, properties, 142 

— oxygen, daenfication, 48, 81 

— oxygen, definition, 48 

— oxygen, properties, 48 

— sulphur, definition, 48 

— sulphur, properties, 48 
Benxoates, properties, 217 

— reactions, 217 
Bensoic acid, deteetion, 217 

— properties, 217 

— reactions, 217 

Beryll«, detection in analytical eourse, 889, 
340 

— occurrenoe, 108 

— properties, 108 

— reactions, 108 

Berylla carbonate, properties, 108 
Berylla salts, properties^ 108 
Beixdins lainp, 19 
Bismuth, properties^ 186 

— purification from arsenio^ 58 

— reactions, 186 

— Separation from other members ef €hr. 5, 

DiT. 2, 138 
Bismuth, faano Chloride^ properties^ 187 
Bismuth, basio nitiata, 58 
Bismuth carbonate, properties^ 186 
Bismuth Chromate, properties^ 188 
Bimuth hydrate, preparatien, 58 
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Biunath hydrete, tesU of pnritj, 54 

— uaes as reagent, 54 
BUmuih oxides, propertiei, 186 
Biamaih and poUasium iodidt^ M reageni 

for alkaloldi» 344 

— prepaimtioDy footnoU, 844 
Blunaih aalts, propertiea^ 136 
BiBmath tenulphide, propertiei, 136 
Blowpipe, 15 

— flame, 16 

BoiÜDg, actioD on titonie add aolution, 

108 
Borado acid, detaetlon, 186 

— Ion on evaporadon, 186 

— propertioBy 180 

— reaotioni^ 181 
BoratM, propertiet, 180 
Borax, iefta of pnrity, 77 

— naet •• flux, 78 

Borax baad, testing with, 78 

— wilh cerium aalta, 106 

— wHh chromium ialta, 102 

— wiih oobalt salts, 119 

— with copper salts, 135 

— with didymiuin oxide, 1 07 

— with erbium oxide, 106 

— with iron salts, 120 

— with manganese salta, 115 

— with nickel salta, 116 

— with uranium aalts, 124 

— with vanadic add, 127 

— with yttria, 105 

— and copper oxide with tin aalts, 147 
Boron fluoride, formation, 182 
Bromides, reactions, 193 

— iusoluble, decomposition, 194 
Bromine, deteotion, 202 

— properties, 193 

— reactions, 193 

Brucine, detection, 361, 364, 366, 869 

— properties, 358 

— reactioDS, 358 

— on ehlorates, 208 

— on nitrates, 207 
Brooine salts, properties, 358 
Buusen flame, parts, 23 
Bansen lamp, 20 

— improved, 22 
Butyric acid, detection, 221 

— properties, 221 

— reactions, 221 



pADMIÜM, properties, 137 
^ — reactions. 137 

— Separation from other membersof Gr. 5, 

Div. 2, 138 
Gadmium carbonate, properties, 138 
Gadmiara oxide, properties. 137 
Oadminni and potassiam iodido, as reagent 

foralkaloids. 344 

— preparation,/oo<iiote, 844 
CSadmiam salta, properties, 137 
Oadmiom snlphide, properties, 1 38 
Otmk, dflieetion In aoaljtioal ooarae, 840 



Onda, mbidia, and lithia, detoelioii ia pre- 
sence of mach potaasa and aoda, 89 

— and rubidia, difference firom pntii, 87 

— distribation, 87 

— reactions, 87 

CÜRSta alaro, solability, 88 

CSsBsia hitartrate, solobility, 88 

Gbesia carbonate, solability in aleohol, 88 

Onsiam and platinam ohlorid«^ aolobflity, 

87 
Galciam, reactions, 98 
Galoiam chloride, preparation, 66 

— preparation of Solution, 66 

— tests of purity, 66 

— nses as reagent» 66 

— on carbonates, 189 

— on dtrates, 211 

— on hydruflaurio add, 184 

— on hypophosphites, 205 

— on malates, 213 

— on phosphorons add, 187 

— on raoemates, 215 

— on snccinates, 216 

— on tartrates, 210 

— on tangstates, 168 
Calciam flaoride, propertieiy 184 

— uaes as reagent, 75 

— and potassa bisulphate with boratei» 181 
Oaiciam salts, pitiperties. 93 

Carbolic acid and sulphurie add on mtatai, 

207 
Oarbon, properties, 187 
Oarbonates, properties, 188 

— reactions, 188 
Carbonic acid, detection, 191 

— properties, 188 

— roactions, 188 

— on soda niobate, 110 

— on tantalates, 110 

Carbon bisulphide, tests of purity, 86 

— uses as reagent, 86 

— as solvent for bromine, 198 

— as solrent for iodine, 196, 208 
Casdus, parple, 143 

Cerite, decomposition, 106 
Cerium, detection in analytical ooniae, 3S9, 
340 

— oocurrence, 106 

— reactions, 106 

— Separation from lanlhanium and didj- 

miam, 107 
Cerium oxides, properties, 106 
Ceriam protoxide and potasaa solphst^ 

properties, 106 
Cerium salts, properties, 106 
Charooal, 18 
Chlorates, properties, 207 

— reactions, 207 
Chloric acid, detection, 208 

— properties, 207 

— reactions, 207 

Chlorides, insoluble, deoompodtioB, 192 

— proi'erties, 192 

— reactions, 192 
Chlorine, detection, 202» 203 
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OUoriM, detertion of free, 191 

— prepaimtioii, 42 

— prepftistion of solatioo, 42 

— proeerTaüon of eolation, 42 

— propertiee, 191 

— piuification, 42 

— reeciions, 192 

— naee tm reagenti 42 

— OB btomidoy 1 93 

— on oeriom ialte, 106 

— on iodidea, 196 

— on iiidiam and sodiom ohloride, 166 

— on mobtc acid and charcoul, 110 

— on osmiam, 141 

— on Bulphites, 173 

— on tantalio acid and charooal, 109 

— on iitanie acid and charooal, 109 
Chlorites, propertiea, 205 

— reactions, 205 

Chlorochromic acid, propertiee, 192 
Chloroform, teste of pnrity, 86 

— oeea as reagent, 36 
Ohiorons add, propertiee, 205 

— reaotbns, 205 
Chromatee, insoloble, deoomposition, 172 

— propertieSy 171 

— reactioDS, 171 

Chrome iron stoue, decomposition, 281 
Ghromic acid, detectiun, 173 

— detecUon of miaate quantitiee, 173 

— propertiee, 171 

— reactions, 171 

— on hypoeulpbites, 174 

— on sulphites, 173 

Chrominm, detection of minnte qnantitiee, 
173 

— reactione, 101 

— Separation from alnmininm, 102 
Chromium carbonate, propertiee^ 101 
Chromiom Chromate, formation, 172 
Chrominm ealte, propertiee, 101 
Chromium sesquioxide, propertiee, 101 

— reactione, 101 

— Separation from alamina, 102 
Cinchonine. detection, 355, 364, 366 

— properties, 354 

— reactione, 354 
(^chonine salta, propertiee^ 854 
Citrates, propertiee, 211 

— reactions, 211 
Gtric acid, detection, 214 

— propertiee, 211 

— reactione, 211 
Cobalt, propertiee, 117 

— reactione, 117 

— Separation from other members of Gr. 4, 

122 
Cobalt ferricyanide, properties, 118 
Cobalt ferrocyanide, properties, 118 
Cobalticyanide potissinm, formation, 118 
Cobalt nitrate, preparation, 79 

— teste of pnrity, 79 

— nses as reagent» 79 

— with alnmina ealte, 100 
^' wU& bexylU salts, 103 

O 



Cobalt nitrate, with sine salts, 118 

Cobalt oxide, properties, 117 

Cobalt and potassinm qranide^ propertiee, 

118 
Cobalt salts, propertiee, 117 
Cobalt eeeqnioxide, properties, 117 
Cobalt eesqoioxide and potassa nitrite^ 

118 
Cobalt sulphide, properties, 117 
CoUoids, definition, 10 
Condenser, Liibio's, 12 
Conine, detection, 348 

— propertiee, 347 

— reactione, 348 

Conine ealts, propertiee, 847 
Copper, properties, 133 

— reactious, 184 

— Separation from other members of 0r. 

5, Div. 2, 138 

— oses as reagent, 58 

— on areenic acid, 162 

— on areenions acid, 155 

— on mercary salts, 129 

— on molybdic acid, 167 

— on nitric acid, 206 

— on selenions acid, 169 

— on snlphnroas acid, 173 
Copper arseoide, properties, 155 
Copper carbonaUe, basic, properties, 184 
Copper ferrocyanide, propertiee^ 135 
Copper oxide, propertiee, 133 

Copper salts, properties, 134 
Copper snbiodide, properties, 195 
Copper subsulphocyanide, properties, 13S 
Copper sulphate, preparation, 69 

— preparation of eolntion, 69 

— teste of pnrity, 69 

— nses as reagent, 70 

— on arsenic acid, 162 

— on arsenions acid, 155 

— on arsenions acid and potassa, 155 

— on ferricyanidee, 200 

— on ferrocyanidee, 199 

— on iodidee and sulpharons seid, 195 
Copper sulphide, propertiee, 134 
Crucibles, platinuro, rolee for osing, 14 
Crystallisation, 5 

Crystalloids, definition, 9 
Cyanides, insolnble, analysis, 282 

— properties, 197 

— reactione, 197 
Cyanogen, detection, 202 

— detection in meronry eyuii^ 199 

— properties, 197 

— reactione, 197 



'nAHLIA paper, preparation, 72 
^ — usee as rtagent^ 72 
Decantation, 8 • 

— wasbing by, 9 
Deflagration, 15 

— of chloratee, 207 

— of nltratesi 206 
Dialyaer^ 10 

o2 
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Dialysis, 9 

Didymiom, detoction in anal, eourw, 889 

. — occurrenee, 107 

— oxide, propertiea» 107 

— oxide, reactionB, 107 

— ialU, properiiea, 107 
Digitolioe, detection, 804, 806, 809 

— properties, 362 

— reactions, 862 
DiSkillAtioD, 12 

PABTHS, alkaline, properiiea, 89 
-^ K-biaro, doteoiion in analytioal oonne, 
839 

— oocorrenoe, 105 

— reaotiona, 106 

• — aeparation from yttrinmy 106 

— baaic nitrate, propertiea, 105 

— Oxalate, propertiea, 105 

— oxide, propertiea, 105 

— aalta, propertiea, 105 

— anlphate, propertiea, 105 
Btching teet for flnorine, 184 
Ether, teata of purity, 86 

— naea aa reagent, 86 

— aoetio, formation, 219 
Bvaporation, 11 
Bxoeaa, meaning, 88 
Exerciaea, plan, 878 



FBBRIOTANIDBS, inaolnUe, deoompoai- 
tion, 200 

— propertiea, 200 
Ferricyanogen, reaetiona, 200 
Perrocyanidea, inaoluble, deoompoaitioni 199 

— propertiea, 199 
Ferrocyanogen, reaoüoni^ 199 
Filtering paper, 7 

— porification, 8 
Filter atand, 8 
Filtere, waahiog, 8 
Filtration, 7 
Flame, parte, 16 

— oxi<tising, 17 

— reducing, 17 

Flame ooloration, examination, 26 

— of baryia aalta, 91 

— of baryta aalta with aloohol, 91 

— of boracic acid with aleohol, 181 

— of boracic acid with potaaaa biaolphate 

and caiciam flaoride, 181 

— of csaiam salta, 87 

— of chloridea with aloohol, 181 

— of oopper aalta, 185 ■ 

— of copper aalta with aloohol, 181 

— of indiom aalta, 126 

— of Urne aalta, 94 

— of lime aalta with aloohol^ 94 

— oflithia aalta, 88 

— of oamium aalta, 141 

— of potaaia aalte, 88 

— of potaaia aalta with aleohol, 88 

— of nfaidinm aalti^ 87 



Flame eoloration of aoda «Ita. 84 

— of aoda aalta with aloohol, 84 

— of atrontia aalta, 92 

— of atrontia aalta with aleohol, 92 

— of thalliam aalta, 125 
Flame reaetiona, BoHSur*fl^ 24 

— of antimony, 152 

— of biamoth, 187 

— of cadmiam, 188 

— of cobalt, 119 

— ofgold, 144 

— of iron, 120 

— of lead, 181 

— of manganeae, 117 

— of aeleninm, 169 

— ofaÜTor, 128 

— of tellnriom, 168 

— of linc, 118 
Flaoridea, propertiea, 188 
Flnorine, deteetion in ailicatea, 185 

— reaetiona, 188 

— in aulphorio acid, foohinU^ 184 
Formatea, propertiei^ 219 

— reaetiona, 219 
Formic aeid, deteetion, 220 

— reaetiona, 219 
Falminating gold, 148 
Fonnela, 8 

Fnaion, 14 
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ALLS on molybdio add, 167 
— on tantalie acid, 110 

— on titanie add, 108 

— on tangatatea of alkaliea, 168 

— on Tanadatea, 127 

— on Tanadio add, 126 
Gaue plate, 21 

Qeorgina paper, prerauratioii, 72 

— naea aa reagent, 72 
GK)ld, propertiea, 148 

— reaetiona, 148 

— aeparation from platinnm, 145 
Qold Chloride, preparation, 71 

— neea aa reagent^ 71 

— on bromidea, 194 

— on tin protoxide aalta, 148, 146 
Gold, falminating, 148 

— oxidea, propertiea, 148 

— protoaolphide, propertiea^ 148 

— aalta, propertiea, 148 

— aalphide, propertiea, 148 
Gnaiaonm on chromic add, 178 

— and oopper aalphateonhjdPOCTiaie add, 

199 



n YDBIODIC add, deteeüon, 202 
•^ — propertiea, 195 

— reaetiona, 195 
Hydrobromio aeid, deteekioii, 202 

— propertiea 198 

— reaotiona, 198 

Hydrochloric add, detaeliooy 202, Mi 

— preparation, 40 
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HydioeUorio add, propertiei, 192 

— parification, 41 

— FMOtiODS, 192 

— t«8t8 of parity, 41 

— UBes as reagent, 41 

— on boratea, 181 

— on oarbonates, 188 

— on cblorates, 208 

— OD chromatee, 172 

— on cyanidea, 197 

— on hypoealphitea, 174 

— on lead aalte, 131 

— on mercnty sabsalta, 129 

— on Perchlorates, 209 

— on Silicates, 189 

— on ailver salts, 128 

— on sniphidee, 200 

— on snlphitee, 173 

— on tantalates, 109 

— on thalllnm protoxide salts, 125 

— on UuJlinm trioxide salts, 125 

— on tongstates, 167 

— and ether on ferrocyanides, 199 
Hydrocyanic add, detection, 202 

— detection in poisoiung cases, 316 

— properties, 197 

— reactions, 197 
Hydroferricyanio acid, properties, 200 

— reactions, 200 
Hydroferrocyanio acid, properties, 199 

— reactions, 199 
Hydioflooric add, detection, 187 

— properties, 183 

— reactions, 183 

— on niobic add, 110 

— on^ieates, 190 

— on tantalic add, 109 

— on thoria salts, 108 

— on yttria salts, 105 

— on siroonia salts, 104 
Hydxoflnodlidc add, pre] 

— properties, 176 

— reactions, 176 

— tssts of parity, 48 

— uses as reagent^ 43 

— on bormtes, 182 

— on baryta salte, 90 

— on lime salte, 98 

— on magnena salte, 96 

— on strontia salts, 92 
Hydrogen on niobic add, 110 

— on osminm salts, 141 

— on rhodinm salts, 140 

— Ott tantalic add, 109 

Hydrogen binoxide, preparatlon,/oof nofo, 172 

— on Chromates, l72 

— on Tanadates, 127 
Hydrosulphorio add, Beuonatxlli^b appa- 

ratus, 45 

— MoBB*8 apparatns, 47 

— Pohl's apparatns^ 47 

— detection, 202 

— preparation, 44 

— pieparation of aolntiony 47 

— preserration of sohitiony 47 



preparation, 43 



HydroBulphurio add, properties, 200 

— reactions, 201 

— testi of parity, 47 

— nses as reagent, 48 

— on antimonic add, 150 

— on antimony salts, 150 

— on araenic add, 161 

— on arsenions add, 158 

— on bismnth salte, 136 

— on cadmiom salts, 138 

— on chromic acid, 171 

— on cobalt salte, 117 

— on oopper salts, 134 

— on gold salte, 148 

— on indiom salts, 126 

— on iodates, 174 

— on iridiam salts, 166 

— on iron protoxide nlte, 119 

— on iron sesquioxide salte, 121 

— on lead salts, 130 

— on manganese salts, 118 

— on mercory oxide salts, 132 

— on mercury sabsalte, 129 

— on molybdio add, 167 

— on molybdates, 167 

— on nickel salts, 115 

— on nitrites, 204 

— on osmic add, 141 

— on palladinm salts, 140 

— on platinum salte, 144 

— on rhodinm salte, 140 

— on mtheninm salts, 142 

— on selenioas add, 169 

— on silver salte, 128 

— on solphites, 173 

— on tellarons add, 168 

— on thallinm protoxide salts, 125 

— on thallinm trioxide salts, 125 

— on tin binoxide salts, 148 

— on tin protoxide salts, 146 

— on toDgstates, 168 

— on nraniom salts, 124 

— on vanadic add, 126 

— on sine salts, 112 
Hypochlorites, properties, 205 

— reactions, 205 
Hypochlorons acid, properties, 205 

— reactions, 205 
Hyponitric add, reaction, 205 

— on bromides, 193 

— on iodides, 195 
Hypophosphites, properties, 205 

— reactions, 205 
Hypophosphorons add, properties, 205 

— reactions, 205 

Hyposolphites and sniphites, detection in 
pr^noe of solphideSy 174 

— properties, 174 

— reactions, 174 



TONinON, 18 

-^ Inomstations, obtaSned wtthBiinsea 

lanp, 24 
Indigo, prepazation of lolotion, 78 
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ulu. pvopertica» 12< 
ladivm nüpkide, propcrtiei^ 126 
lodmlm» pivportiei, 174 

— ICMCiOBI, 174 

lodic aföd, propertia, 174 

— metkBi,174 
Jodides, iBaolable, decompciatio«, 197 

— propertiei, 195 
lodbie» deCectioB, 202 

— M mgent for ftlkaloidi» S44 

— proper ii flt, 195 

— metkn, 195 

— OB lanthMiiam aalt» 107 

Iridinm, deteetioa in aaalytieal eonnc^ 838, 

840 
*— ocenrRBoe^ 166 

— propertiet, 166 

— metiooa, 166 

Iridiam and ammoniam ehloride, properiiea, 

166 
Iridium and potaannm ehloride, propeiüea, 

166 
Iron, propertiea, 119 

— reactiona, 119 

— naeft aa reageoti 58 

— aeparation from other membera of Groop 

4, 122 

— on oopper aalta, 185 

— on Bolphidea and hydrochlorio add, 201 
Iron aoetatA, propertiea, 218 

Iron bens'Ate, propertiea» 217 

Iron ferricjanide, piopertiea, 120 

Iron ferroeyanide, propertiea, 121 

Iron and potaaaiam ferroqyanide, propertiea, 

^120 
Iron protoaeaqniozide, propertiea, 121 
Iron protoxide, deteotion in preaence of 
qnioxide, 124 

— propertiea, 119 

— reactiüDB, 119 

Iron protoxide aalta, propertiea, 119 
Iron aeaqoichloride, preparationy 67 

— teata of pority» 67 

— naea aa reagent, 6B 

— on aoetatea, 218 

— on benaoatea, 217 

— on ferricyaoideay 200 

— on foToeyanidea, 199 

— on formatea, 219 

— on bypoaoiphitei^ 174 

— on io<fidi8, 197, 208 



Ino atiui AloiTde on plioaphaftai^ 178 

— «■ aarrinatea. 216 

Iroa aeaqnioiide, detieetion in pi g w ie e cf 
protoxide, 124 

— pfoperüea, 120 

— reactiona, 121 

Iron aHqQioxide aaHa, properties, 121 
IroB awrinate, propertiea, 216 
Iron anlpluite, preparatkin, 67 

— tcatBoTpority, 67 

— naes aa reagent, 67 
' — «■ ehloritos, 205 

— «■ cyanidea, 198 

! — on femcyanide^ 200 
^ — «■ gold aalta, 148 
' — OB iridioiB aalta, 166 
[ — OB nitntee, 206 
! — «B nitritea, 204 
> — «B oainic ae'd, 141 

— OB palladinm aahav 140 

— OB platinnoi aalta, 145 

— OB adeoiona add, 206 
Iron aniphide, preparatioB, 44 

— propcrtic«, 120 

IroB anlphocyanide^ propertiea^ 121 
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T ACTATBS, pnqwrtiea, 221 
-^ Laetic acid, propertiea, 221 

— reactiona, 221 
iBmp, Berxelioa, 19 

— Bnnaen, 20 

— improTcd Bnnaen, 22 

— three Bonaen, 22 

— apirit» 19 
Lanthaoinm, deteetion in 

889 

— oecnmenee, 106 

— reactiona, 107 

— oxide, propertiea, 107 

— aalta, propertiea, 107 
Lead, propertiea, ISO 

— reactiona, 180 

— aeparation from Gr. 5, DW. 2, 188 

— aeparation from aQver and m er c ur yiafc- 

oxide, 131 
Lead acetate, preparation of aolntk», 68 

— teaia of pority, 68 

— naea aa reagent, 68 

— on beni<«atea, 217 

— on chloridea, 192 

— on chromatea, 172 

— on eitratea, 212 

— on hjdroflooailicic acid, 176 

— on hypophoaphitea, 205 

— on m&latea, 213 

— on phoephitea, 187 

— on tartratea, 211 

— on ancciontea, 216 

— on anlphatea, 175 

— on anlphidea, 201 

— on tnngatatea of alkatiea^ 168 

— on Tanadatea, 126 

Lead binoxide on oerinm aalfe% 106 

— on ohrominm nlU^ 101 
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Lead binoxide oa «aBguiete salto, 114 
Lead carbonaU^ ptoperties, 131 
Lead ehlorida^ properties, 131 
Lead ohromaie, properties, 172 
Lead citnite^ propertiea, 212 
Lead AaUte, properties, 213 
Imd liHrate on ehioride Urne, 205 
Liad oxide oq acetio add, 219 

— OD formie acid, 220 
Lead oxidea, propertiea, 130 
Lead aalte, propertiea, 130 
Lead saceinate, propenles, 216 
Lead salphate, properties« 181 
Lead solphide, properiie«, 130 
Lead tartraie, propertiea, 210 
LiBBio's condenaer, 12 

Lime, preparation of hydratei 62 

— properüee, 93 

— reactiona, 98 

— Separation firom other alkaline eartha, 

97 

— uaea aa reagent, 53 

— OD ammonia aalta^ 85 

— on magneaia aalta, 95 
Lime water, preparation, 52 

— preparation of pure, 52 

— uaee aa reagent, 52 

— on carbonio acid, 188 

— on dtratee, 212 

— on malatea, 213 

— on racematea, 215 

— on tartratea, 210 

Lime carbonate, propertiea, 98 
Lime citrate, propertiea, 211 
Lime ehioride, propertiea, 215 
Lime lactate, preparation, 221 

— propertiea, 222 

lime malate, propertiea, 213 

Lime oxaUte, propertiea, 93 

Lime phoaphate, propertiea, 178 

Lime raoemate, propertiea, 215 

Lime aalta, propertiea, 98 

Lime anccinate, propertiea, 216 

Lime anlpbate, preparation of aolation, 65 

— propertiea, 93 

— uaea aa reagent, 65 

— on baryta aalta, 90 

— on oxalatea, 182 

— on phoapbatea, 178 

— on racematea, 215 

— on atroutia aalta, 92 

— on tartratea, 210 

Lime tartrate, propertiea, 210 

Lithia, detection in analytical conrae, 340 

— mbidia and ca^aia, detection in preaence 

of mach potaaaa and soda, 89 

— diatrlbution, 88 

— propertiea, 88 

— reactiona, 88 

Lithia phoaphate, propertiea, 88 
Lithia aalta, propertiea, 88 
litmna paper, blue, preparation, 71 

— blne, uaea aa reagent, 72 

— rationale ofaction, 72 

— red, preparatioD, 72 



Litmna paper, red, uaea aa reagent, 72 
Logwood deeootion on chromatea, 173 

ITAGNESIA, propertiea» 94 
•^ — reactiona, 95 

— Separation from other alkaline eartha, 97 

— on malic acid, 213 

Magneaia and ammonia arsenate, proper«» 

tiea, 162 
ICagneaia and ammonia phoaphate, proper- 
tiea, 96 
Magneaia carbonate, propertiea, 95 
Magneaia malate, propertiea, 213 
Magneaia Oxalate, propertiea, 96 
Magneaia phoaphate, propertiea, 96 
Magneaia pjrophoaphate, propcortiee, 180 
Magneaia aalta, propertiea, 95 
Magneaia aolphate, preparation of Solution; 
66 

— pnrification, 66 

— teata of purity, 66 

— uaea aa reagent, 66 

— on phoapbatea, 178 

— on pyrophoaphatea, 180 

Magneaia aulphate, ammonium ehioride and 
ammonia, on araenatea, 162 

— OD metaphoaphatea, 180 

— on phoaphatea, 178 
— ^ on phoaphitea, 187 
Magneaium, propertiea, 94 

— on phoaphatea, 180 
Malatea, propertiea, 218 

— reactiona, 213 

Malle acid, detection, 214 

— propertiea, 212 

— reactiona, 213 
Manganeae, propertiea, 113 

— reactiona, 113 

— aeparation from other membera of Gr. 4., 

122 
Manganeae binoxide on bromidea, 194 

— on chloridea, 192 

— on iodidea, 196 

— on oxalatea, 188 

Manganeae lerricyanide, propertiea, 114 
Manganeae ferrocyanide, propertiea, 114 
Manganeae oxidea, propertiea, 113 
Manganeae aalta, propertiea, 113 

— on Chloride lime, 205 
Manganeae aulphide, propertiea, 118 
Maiish*8 teat for araenic, 156 
Mercury, propertiea, 128 

— reactiona, 129 

Mercury ehioride, preparation of solation^ 
69 

— uaea aa reagent, 69 

— on acetatea, 219 

— on formatea, 220 

— on hypophoaphitea, 205 

— on phoaphitea, 187 

— on aulphitea, 173 

— on tin protoxide aalta, 188, 116 
Mercury Cyanide on palladium aaltt, 140 
Mercury oxide, propertiea, 182 
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llerenry ofzida, nftetfou, 188 

— tepMiUMB froB oUwr mtmhtn of Qroap 

5, Diy. 2, 1S8 
Mercury oxide aalts, propertiei, 132 
Mereiury And potawrinm kdido tm reagent for 

alkaJoida, 344 
Herrary BabMetete, propertMi, 219 
Mercaiy gnbehloiide, i»t>pertieB, 129 
Mereuy nblbnnate, pn^müeB, 220 
Mereory snbnürmte^ prepantNO, 89 
-^ tartBofiNiritj, 69 

— UMB as mgent, 69 

— oo acetitet, 219 

— on Chlorides, 192 

— onfonnatea, 220 

— on pbosphitea, 187 

— on tuigrtates, 168 

— on Tanadaloi, 126 

■ercnry rab«xide, properties, 128 

— reactioni, 129 

— tepantion ftom tUver and kad, 181 
Hereury sabMdta, properti««, 129 
Horcnry salphide, properiiea, 182 
Metallic ozidea, groaps, 81 
Metophosphatea, properiiea, 180 

— rea<^onB, 180 

Metaphosphorio add, reaetions, 180 
Metastannic aoid, propertiea, 147 
Metaetamüc chloride, propeiiies, 147 
Metatungstic acid as reagent for aÜaloidi, 

845 
M ierocoemie bead, teeting with, 79 

— with oerinm aalte, IWi 

— with chrominm aalte, 102 

— with oohalt saHe, 119 

— with didymiam oxide, 107 

— with erbiom oxide, 106 

— inth iron saHs, 120 

— with mangantse aalte, 115 

— with nickel aalte, 116 

— with niobic acid, 110 

— with siHcatee, 190 

— with taotaUc acid, 110 

— with titanic acid, 109 

— with tungatic acid, 168 

— with nraniam adte, 124 

— with yttria, 105 

— and oopper oxide with bromidea, 194 

— and oopper oxide with ohloridea, 192 

— and oopper oxide with iodidea, 197 
Microooamie aalt, an blowpipe teet for flno- 

rine, 185 

— effecta of beat on, 79 

— preparation, 78 
*— teste of pority, 78 

— oeea as flox, 79 
Mineral water analyals, 292 
Molybdennm, detection in analytical conrse, 

388, 840 

— oocurrenoe, 166 
-— properties, 166 

— reaetions, 167 

Molybdennm ozides, properües, 166 
Molybdennm snlphide^ propertUa^ 167 
Molybdie add, properte, 167 



, detection, 864, 866, 869 

— properties, 849 

— naetiona, 849 
Morphine salts, prqpertiM, 849 

VAROOTINB, deteetion, 855, 864, »6, 
1^ 869 

— properties, 851 

— reaetions, 851 
Narootine salt«, properties, 851 
NnsLBR's Solution, preparation, fooinoU, 87 
Nickel, properties, 115 

— reaetions, 115 

— Separation firom other memben of Gr. 4, 

122 
Ni^el ferrieyanide, properties, 116 
Nickel ferrocyanide, properties^ 116 
Nickel oxide, properties, 115 
Niekel and potassinm Cyanide^ ptup art Ma , 

116 
Nickel salts, properties, 115 
Nickel sesqnioxide, properties, 1)5 
Nickel snlphide, properties^ 115 
Nicotine, detection, 848 

— properties, 846 

— reaetions, 346 

Nicotine salts, properties, 846 
Niobic acid, deteetion in analytical 
886, 889, 340 

— oocurrenoe, 110 

— properties, 110 

— reaetions, 110 

Niobinm oxyflnoiide snd potaMiim flaoride^ 

properties, 110 
Nitrates, properties, 206 

— reaetions, 206 

Nitrio acid, dete(^on, 208 

— detection of free^ 208 

— properties, 206 

— ponfication, 89 

— reaetions, 206 

— tests of purity, 89 

— nses as reagent, 89 

— on bromides, 198 

— on iodides, 195 

— on Perchlorates, 209 

— on tballinm protoxide saHs^ 125 
Nitrites, properties, 204 

— reaetions, 204 
Nitrobydrocblorio acid, nalnre^ 42 

— preparation, 42 

— nses as reagent, 48 
Nitrons acid, propenies, 204 

— reaetions, 204 

— on iodides, 195 

ASMIC aoid, properties. 141 
^ Osminm, deteetion in analytioaleouss, 
888, 340 

— ooca r re n ee, 141 

— properties, 141 

— reaetions, 141 

Osminm ozides, preperliaa^ 141 
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Osmiam nlts» propeiiifli, 141 
OxaUtes, proptftiesy 182 

— reactioDs, 182 

Oxalie »cid, detection, 186, 214 

— propertiesy 182 

— punficatioD, 56 

— reactioiui, 182 

— on alumina laltB, 100 
>~ OD beijlla ialtB, 108 

— on oeriom aalts, 106 

— on didymiimi aalte» 107 

— on iridiom aalte, 166 

— «I lantlMuiinm aakf, 107 

— on ihoria aalte, 104 
^— on yttria aalte, 105 

— on lirconia aalte, 104 
Oxidinng iaflM, 17 



PALLADIUM, deteetioB in ttalytieal 
-*' coarae, 838 

— oocorrence, 139 

— propertiea, 189 

— reacüoDB, 140 

Palladium and ammoniom ohloride, pro- 

pertiea, 140 
PalbMÜnm-ammcimim Chloride, propertiea, 

140 
Palladium okloride on fanmddtB, 198 

— OD iodidaa, 1 95 

Palladium qranide, pro|ieirties, 140 
J^aikdiom iodide, propertiM, 195 
Palladium nitrate on bromidea, 198 

— on iodidea, 195 
Palladium ozidea, propertiea, 140 
Palladium and potemnm ofaloride, proper- 
tiea, 140 

Palladium aalte, propertiea, 140 
Palladium and aodium okloride, preparation, 
71 

— uaea aa reagent, 71 
Palladium aulphide, propertiea, 140 
Perohloratea, propertiea, 209 
-r-'naeteia, 209 

Pörchloric acid, propertiea, 209 

— reactiona, 209 

Phoa^iatea, inaoluble, deoompontion, 179 

— propertiea, 177 

— reaotiona, 177 
Phoaphoantimonioadd, aa reagent für alka- 

loid8,845 

— preparation, focimole, 845 
Phoaphomolybdic acid, aa leafant for alk»- 

loida, 345 

— preparation, footnoU, 845 
Phoaphoric acid, deteetion, 186 

— propertiea, 177 

— reactiona, 177 

— aeparation from alkaline «artha, 178 
Phoaphoroua add, properties, 187 

— reactiona» 187 

Phoaphcmai, deteetioii in poisoning 

818 
•^ pvoperliaa, 176 
Pierie add, aa reagent for alkaloidar 845 



Picric add on eyaaidea, 198 
Picrotoxine, deteetion, 864, 866, 869 

— propertiea, 868 

— reactiona, 368 
Platinum, emdblea^ aiae, 81 

— crudblea, rulea for lanng, 14 

— propertiea, 144 

— reactiona, 144 

— aeparation from gold, 145 

— triaDgle,20 

— wije,18 

Platinum and ammoninm ehloride, pro- 
pertiea, 85, 144 

Platinum ohloiide, aa rcagont for alkaloida, 
844 

— preparation, 70 

— teate of purity, 70 

— uaea aa reagent, 70 

— on ammonia aalta, 85 

— on cseaia aalte, 87 

— on lithia aalta, 88 

— on potaaaa aalte, 82 

— OB potaaaium iodide, 86 

— on rubidia aalte, 87 

— on aoda aalte, 85 

— on tkallium proiozide aalten 125 
Platinum oxidea, propertiea, 144 
Platinum and potaaaium chknide, propertiea, 

82, 144 

— aolnbiUty, 87 

Platinum aidte, propertiea, 144 
Platinum aulphide, propertiea, 144 
Poiaona, deteetion of inoiganio, 806 

— dettetioo of organie, 864 
Poteble water analyda, 289 
Potaaaa, preparation by baiyta, 50 

— propertiea, 82 

— punfioation by aloohol, 49 

— reactiona, 82 

— aeparation from other aUudiaa, 86 

— teate of purity, 50 

— uaea aa reagent, 50 

— on alumina aalta, 99 

— OD ammonia aalte, 85 

— ou antimony aalta, 150 

— on baiyte aalta, 90 

— on berylla aalta, 108 

— on biamnth aalte, 186 

— on bieaune, 194 

— on oadmium aalta, 188 

— on cerium aalta, 106 

— «n ehromiam aaha, 101 

— on oobalt aalta, 117 

— on copper aalta, 184 

— on didyminm aalte, 107 

— on indium aalta, 126 

— on iridium aalta, 166 

— on iron protozide aalta, 120 

— on iron seaquiozide aalta, 121 

— on lanthaninm aalta, 107 

— on lead aalta, 130 

— on lime aalta, 08 

— on magneda aalte, 95 

— on mangaaeat aalte, 114 

— on mezott^ oiide iAkl% 188 
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— «w alnmiiw »Itii, 100 

— OB (seriam aüti. 106 

— OB didjmiiini flüti^ 107 

— tm UnthaniuB aiti^ 107 

— OD Um« Mit«, 93 

— Ott thnris flaltB, 104 

— AB xiremuB iBlta, 104 
PAt«MB tantdate, propertHSy 110 
PoUaBBm add floond» witk boylbi 

103 

— witk titBBie add, 100 

FotMnBm ehlorida ob iridioB alti^ 140 

— OB pBlladiBm nlu, 140 

— OB plaiiBom mha, 144 

— OB rBtkeaiam miu, 141 
pAtBwia« eobBlticTuiide« fiwiliiM, HS 
Fo^MBiBm eyanid«, prepTitiwB, 43 

— prcparalion of tolBtioa, 42 

— tefU of pnrity, 42 

— BMs tm reagentt 42 

— owf BS dij redodog Bgeot^ 77 

— OB diloratea, 207 

— OB oobalt aaltB, 118 

— OB Bickel nXtM, 114 

— OB nitrates, 204 

— OB tellarium oomponnd^ 148 

— OB leleBiom oompoonda, 169 

~~ aod oobalt aolBtioa on Bitrit«^ 204 

— a&daodaoarboBatoasdiyredBeiagageBti 

77 
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Potaotiam eyanide and aoda ewbonate •■ 
tesi for antimoDy, 152 

— aad aoda cmrbonate tm teil tar aneoie, 

168 

— and aoda carbonato aa teit for tin, 

147 
Poiaanam ferricyaziide, preparation, 68 

— pieparatioii of aolatioii, 68 

— taits of pnrity, 63 

— iiaes as reagent, 68 

— OD eolMÜt saJte, 118 

— on indiam salts, 126 

— on iron protoxide salta, 120 

— on iron waqaiozide salti» 121 

— on manganeae saltB, 114 

— on niokel aalts, 116 

— on sine lalts, 112 

— and tartario add on oobalt aalta, 118 
Potaasiam ferrocyanide, preparation of solO' 

tion, 63 

— naes aa reagent, 68 

— on oobalt aalta, 118 

— on eopper aalta, 135 

— on indinm aalta, 126 

— on maoganeae aalta, 114 

— on molybdatea, 167 

— on niekel aalta, 116 

— on iron protoxide aalta, 120 

— on iron aeaquiozide aalta, 121 

— on tantalie aotd, 110 

— on titanic acid, 108 

— on tnngatatea, 168 

— on oraniam aalta, 124 

— on Tanadic acid, 126 

— on Tanadatea, 127 

— on BDC aalta, 112 

Potaaaiam fluoride on niobic aoid, 110 
Potaaainm iodide on antimonic aoid, 149 

— on oamic acid, 141 

— on palladinm aalta, 140 

— on thallinm protoxide aalta, 125 
— . on thallinm trioxide aalta, 125 
Potaaaium and platinnm Chloride, proper- 

tiea, 82 

— aoInbUity, 87 

Pfftaaiinm snlphocarbonata^ prepazation, 
footnote, 116 

— on oobalt aalta, 118 

— on niekel aalta, 116 

Potaaainm auiphocyanide, preparation, 68 

— preparation of aolntion, 64 

— teata of pnrity, 64 

— naea aa reagent, 64 

— on hypi)nitric aoid, 204 

— on indiam aalta, 126 

— on iron protoxide aalta, 120 

— on iron aeaqnioxide aalta, 121 

— on nitritea, 2U4 

— on mtheniam aalta, 142 

— and anlphnrona acid on oadminm lalti, 

138 

— and anlphnrona acid on eopper nlta, 

185 

— and anlphnrona aeid on palladinm aaltaj, 

140 
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Potaannm anlphoejamde and nne 

lybdic acid, 167 
Preeipitation, 6 
Preliminary examination, 225 
Propionie aoid, detection, 221 

— propertiea, 221 

— reaotiona, 221 

Pmaaian blne, propertiea, 121 
PnipleofGaaaida, 148 
PyrogalUc acid on nitritea, 204 
Pyrophoaphoric acid, propertiea, 180 

— reactiona, 180 



QÜININE, deteciion, 855, 864, 866 
— propertiea, 858 

— reactiona, 358 

Qninine aalta, propertiea, 858 

I> AOBMATBS, propertiea, 215 
^^ — reactiona, 215 
Kaoemio add, propertiea, 215 

— reactiona, 215 
Bedncing agent, dry, 77 
Redadng flame, 17 
Rkiiisoh's teat for araenic, 155 
Rhodium, detection in analytical eonrae, 

838, 340 

— occnrrenoe^ 140 

— propertiea, 140 

— reactiona, 140 

Rhodinm oxidea, propertiea, 140 

Rnbidia, detection in analytical oonrae, 840^ 

— cseaia and lithia, detection in preaenoe 

of moch potaaaa or aoda, 89 

— and esoaia, differenoea from potaaaa, 87 

— diatribution, 87 

— reactiona, 87 

Rnbidia alnm, aolability, 88 
Rnbidia bitartrate, aolability, 88 
Rnbidia oarbonate, aolnbility in alcohol, 88 
Rabidiam and platinnm chloride, aolnbilit f , 

87 
Rntheninm, deteeÜM im asalytieal eonrae, 
888,840 

— oeeurrenoe, 141 

— propertiea, 141 

— reactiona, 141 

CALICINB, detection, 864, 866 
^ — propertiea, 862 

— reactiona, 362 

Selenetted hydrogen, formation, 169 
Selenio acid, propertiea, 169 
Selenioua add, propertiea, 169 
Selenitea, propertiea, 169 
Seleninm, detection in analytieal oonrae, 
838 

— ocenrrenee, 169 

— propertiea, 169 

— reactiona, 169 
Silioatea, analyaia, 288 

— inaolahle, deeompoiitioni 189 
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SUkatet, pivperties, 189 
Silioic acid, detection, 191 

— inopertieB, 189 

— reaeiionB, 189 
Siliooflaorides, properiiai^ 176 
Silber, properties, 127 

— reaetionsy 128 

— Separation from kad and merooiy rab- 

oxide, 131 
SiWer aceUte^ propertiea, 218 
Silver aneoata, properiiai, 162 
SiWer anenite, propertieB, 156 
Silver borate, propertiea, 181 
River bromide, propertiea, 198 
Silver ekloride, properties, 128 
Silver Chromate, properüet, 172 
Silver citrate, propertiea, 212 
Silver i^anide, propertiea, 198 
Silver ferricyanide, properties, 200 
Silver ferrocyanide, properties, 199 
Silver formate, properties, 219 
Silver hyposnlphite, properties, 174 
Silver iodate, propertiea, 174 
Silver iodide, prtiperties, 195 
Silver malate, properties, 218 
Silver nitrate, preparation (k aolntion» 68 

— tests of pmity, 68 

— nata, 68 

— onaoetates, 218 

— OD antimony teroxide, 151 

— on arsenates, 162 

— on anenites, 155 

— on boratea, 181 
•^ OD bromidee^ 198 

— OB ehioridea, 192 

— on Chloride Urne, 205 

— on ehUritei^ 205 

— on Chromates, 172 

— on citrates, 212 

— OD cyanides, 198 

— on ferrieyanides, 200 
*- on ferrocyanides, 199 

— on formates, 219 

— on hypophosphites, 205 
-— M hypoMilphit«% 174 

— on iodates, 174 

— on iodides, 195 

— on malates, 218 

— on metaphosphate^ 180 
*- on nitrites, 204 

— on Oxalates, 182 

~ on perobleratoi, 209 
— > on phosphates, 178 

— on phospbites, 187 

— on pyrophosphat«s^ 180 
-~ on solphides, 201 

^ on tartrates, 210, 211 

— on tangstates, 168 

— «■ vanadates, 126 
Silver Oxalate, properties, 182 
Silver oxide, properties, 128 
Silver phosphate, properties, 178 
Silver pyrophosphate, properties^ 180 
Silver salts, properties, 128 
Sibrersnlphiie^ fvopertits» 128 



Silver tartimte^ properties, 211 
Soda, filtiation of solation, 49 

— preparation of solntiun, 49 

— preservation of Solution, 49 

— properties^ 88 

— reaetions, 84 

— Separation from otber aflraliea, 86 

— tests of pnrity, 49 

— uses as reagent, 50 

— on niobate of potassa, 110 

— on tantalate of soda, 110 

— see PotoMa 

— fiision with niobio acid, 110 

— fnsion with tantalic aad, 110 
Soda aoetate, preparation, 57 

— preparation of solntion, 57 

— tests of pnrity, 57 

— nses SB reagent, 57 

— on Indium salts, 126 

Soda and ammonia phosphate, aee Micro- 
cotmic taU 

— bead, see Mierocotmie head 
Soda antiroonate, properties^ 84 
Soda biborate, see Borax 

— bead, see Borax head 

Soda Motfbonate on nzanium salte, 124 
Soda bisnlphite, preparation, 59 
— . tests of pnrity, 59 

— nses as reagent^ 59 

Soda bitartrate, preparation, 40 

— preparation of Solution, 40 

— uses as reagent, 40 

— on ammonia salts, 85 

— on potassa salts, 82 

— on soda salts, 85 

Soda carbonate, preparation of aolntion, 57 

— purification, 57 

— tests of purity, 58 

— uses as reagent, 58 

— nses as flux, 76 

— on alumina salts, 100 

— on antimony salts, 150 

— on baiyta nlts, 90 

— on berylla salts, 108 

— on bismuth salts, 186 

— on eadmium salts, 188 

— on oerium salts, 106 

— on chromium salts, 101 

— on oopper salts, 134 

— on didymium salts, 107 

— on indium salts, 126 

— on lead salts, 180 

— on lime talts, 93 

— on magnesia salts, 95 

— on strontia salts, 91 

— on tellurous seid, 168 

— on thalKum protoxide salti| 125 

— on thoria salts, 103 

— on tin binoxide salts, 148 

— on tin protoxide salt^ 146 

— on yttria salts, 105 

— on ainc salts, 112 

— on siroonia salts, 104 

— Insion with mereuiy aallsb 129 

— fuaion with niobio add, 110 
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Soda carbonate^ fiuion with tÜanSe add, 
109 

— aee Potaua umd aoda ear^wMie 

Soda carbonate bead, with didymiam salts, 
107 

— with iridium salta, 168 

— with manganese salts, 114 

— with paUadiom aalti, HO 

— with rhodium Balte, 140 

— with Silicates, 190 

Soda carbonate on charooal as blowpipe test, 
76 

— for arsenic, 161 

— for bismoih, 187 

— for cadmiam, 188 

— for eopper, 185 

— for IcAd, 131 
— - for silrer, 128 

— for snlphatea, 175 

— for tongsten, 168 

— for rinc, 113 

Soda carbonate and potaannm Cyanide, as 
dry reducing agent, 77 

— as test for antimony, 152 

— as test for arsenic, 158 

— as test for tin, 147 

Soda hyposolphite or cerimn protoxide sahs, 
106 

— on nitrate of sesqoioxide of ceriom, 

106 

— on didyminm salts, 107 

— on thoria salts, 104 

— on titanic acid, 108 

— on yttria salts, 105 

— on siroonia salts, 104 

— as blowpipe test for oyanogen, 198 
Soda nitrate, preparation, 75 

— tests of pnrity, 75 

— QHes as dry reageot, 75 

— and soda carbonate as test for chrominm, 

102 
Soda phoepbate, preparation of Solution, 56 

— pnrificattoo, 56 

— tests of pority, 56 

— nses as reagent, 56 

— on alumina salts, 100 

— on baryta salts, 90 

— on indiam salts, 126 

— on Urne salts, 98 

— on lithia salts, 88 

— on magnesia salts, 96 

— on strontia salts, 91 
^ on titanic acid, 108 

— ammomom chloride and ammonia on 

magnesia salta^ 96 
Soda and potassa carbonate, see Pokuta 

and ioda earhonaie, 
Soda salts, properties, 84 
Soda salphate on Urne salts, 98 

— on tin binozide sal«, 148 
Soda sniphite on osmio aoid, 141 

— on tellnroas add, 168 
Soda tantalate, properties, 110 
Sodinm on phosphatesi, 180 

Sodium nitropniBBide on inlphideii 201 



Sodinm and platinnm ehlorfde, propertiei^ 

85 
Sodinm snlphide, prepaimHon, 55 

— preparation c^ yeUow, 55 

— nses as reagent, 55 
Solls analysis, 800 
Solubility table, 380 
Solntion, 8, 238 
Solvente, chemical, 8 

— simple, 8 
Spectroeoope, 28 

— EiBOHHOFv and Bmnn's, 28 

— &EZB0TH*8, 29 

Spectmm of baiyta salts, 91 

— of borates, 182 

— of caesia salts, 88 

— of eopper bromide, 204 

— of eopper Chloride, 204 
< — of eopper iodide, 204 

— of didyminm salts, 107 

— of erbium salts, 105 

— of mdinm salts, 126 

— of lime salts, 94 

— of lithia salts, 88 

— of potassa salts, 88 

— of mbidia salts, 88 

— of soda salts, 84 

— of strontia salts, 98 

— of thallinm salts, 125 

— absorption, of didyminm salts, 107 

— absorption, of erfainm salts, 10^6 
Spiritlamps, 19 

Stareh on bromine, 194 

— on iodine, 196, 203 

— and potassinm iodide on ni tri tea, 204 
Stareh lüomide, properties, 194 

Stareh iodide, properties^ 196, 208 

— on cyanides, 199 

— on hyposulphites, 174 

— on sulphites, 178 

Strontia, and baiyta» deteetkm of mimit« 
qnantities in presenoe of Ums^ 98 

— properties^ 91 

— reactions, 92 

— Separation trom oiber alkalins earAs. 

97 
Strontia Chromate^ properties, 92 
Strontia Oxalate, properties, 92 
Strontia salts, properties, 91 
Strontia snlphate, properties, 92 
Strontium chloride on hydroflnoaUkie aoida 

176 
Stiyehnine, detection, 861, 864, 866« 869, 

872, 873 

— properties, 856 

— reactions, 856 
Stryehnine saltst, properties, 856 
Sublimate. definiUon, 18 
Sublimation, 18 

Succinates, properties^ 216 

— reactions, 216 
Snceinio add, deteetion, 217 

— propertiee^ 215 

— reaetions, 216 

Snlphates, daeompoMm sTiMsMI^ 171 
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BttlphfttcM, proptrtiM, 175 

— reaeiioDi, 176 
Solpbidei, propertiei, 200 

— reactioni, 201 

Salpbite«, and byporalphiiea» deteetion in 
preaenoe of aulphidea, 174 

— propertiea, 173 

— raactiona, 173 
Salpbor, deteetion, 202 

— deteetion in thallinm, 125 

— propertiea, 200 
Sulpburetted bydrogen, aee H^rowlpkx 

aeid 
Salpburic »cid, deteetion, 175 

— deteetion of free, 179 

— preparation of aolution, 88 

— propertiea, 17i 

— porification, 37 

— reaotiona, 175 

— teata of purity, 88 

— uaea aa reagent, 88 

— on baryta aalta, 90 

— on biamuth aalta, 186 

— on lead aalt», 131 

— on lime aalta, 93 

— on magneaia aalta, 98 

— on atrontia aalta, 92 

— on tintalatea, 109 

Sulphnric acid conoentrated, on aoetatea, 
219 

— on obloratea, 208 

— on citratea, 212 

— on ferricyanidea, 200 

— on ferrocyanidea, 199 

— ouflaoridea, 184 

— on fürmatea, 220 

— on iodidea, 196 

— on malatea, 213 

— on niobic acid, 110 

— on ozalatea, 183 

— on percbloric acid, 209 

— on ailicofluoridea, 176 

— on tartratea, 211 

— and ailica on flaoridea, 185 
Snlpbaroas acid, propertiea, 173 

— reaotiona, 173 

— on araenatea, 161 

— on cbromatea, 172 

— on iridium binozide, 166 

— on iodatea, 174 

— on perchloratea, 209 

— on aeleniona acid, 169 

— on Tanadic add, 126 



TANNIG acid on gold aalta, 144 
-** Tantalio acid, deteetion in analytioal 
oourae, 389, 840 

— ooearrenoe, 109 

— propertiea, 109 

— reactiuna, 109 

Tantalum ebloride, propertiea, 109 
Tuitalam and potaadam flnoride, propertiea, 

109 
IWtario aoid, detectioii, 214 



Tartuie aeid, 
40 

— propertiea, 209 

— reactiona, 210 

— naea aa reagent, 40 

— on ammonift aalta, 85 

— on caaia aalta, 87 

— on litbiA aalta, 88 

— on potaaaa aalta, 82 

— on mbtdiA aalta, 87 

— on aoda aalta, 85 
Tartratea, propertiea, 209 

— reactiona, 210 

Tellaretted bydrogen, formfttioa, 168 
Tellario acid, propertiea, 168 
Tellariam, deteetion in analytieal 

838 

— oocurrence, 168 

— propertiea, 168 

— reactiona, 168 

Tellnrium ozidea, propertiea, 168 
Tellarona acid, propertiea, 168 
Terbium, /oofnoie, 105 
Tballinm, deteetion in analytieal eonm, 
836, 838, 839 

— deteetion in anlpbnr, 125 

— diatribation, 124 

— propertiea, 124 

— reactiona, 125 

Thalliam ozidea, propertiea, 125 
Tballinm and platinnm ebloride, piqMrties, 

125 
Tballinm protiodide, propertiea, 125 
Thallium protocarbonate, propertiea, 125 
Tballinm protochloride, propertiea, 125 
Tballinm protozide aalta, reactiona, 125 
Thallium aalta, propertiea, 125 
Tballinm aulphide, propertiea, 125 
Thallium triozide aalta, reactiona 125 
Tboria, deteetion in analytical couxae, 389, 
340 

— occurrence, 103 

— propertiea, 103 

— reactiona, 108 

Tboria carbonate, propertiea, 108 

Tboria Oxalate, propertiea, 104 

Tboria and putaaaa aulpbate, propertiet, 

104 
Tboria aalta, propertiea, 108 
Thori« aulpbate, properiiea, 104 
Tborinm fluuride, propertiea, 103 
Tin, propertiea, 145 

— aeparation from antimony and anenie, 

168 

— on niobic acid, 110 

— on titanic acid, 108 
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THE FUNCTIONS AND DISORDEBS Of THE REPßODUC- 

TIVE ORGANS IN CHILDHOOD, YOÜTH, ADULT AGB, AND ADVANCED 
LIFE, contidered in their Phytiologieal, Social, aüd Moral Relationi. Fifth EdiUon. 
8to., 12«. 
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FROSTITUTION : Considered in its Moral^ Social, and Sanitaiy Aspecta, 
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NA/ILLIAM ADDISON, F.R:O.P., F.R.S. 

CELL THEEAPEÜTICS. 8vo.. 4.. 
ON HEALTHY AND DISEASED STRÜCTURE, amd tb< Tb« 
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AND ScROPULA, fotinded on Microscopical Analysis. 8to., 12«. 
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AN INTEODUCTION TO HOSPITAL PRACTICE IN VARIOUS 
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NA/ILLIAM ADAMS, r^.Rf.O.8. 

ON TEE PATHOLOGT AND "* TBEATMENT OF LATERAL 
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Bto., 10«. 6d. 
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t GLIJBFOOT : its Canses, Fathology, and Treatment Jaeksonian Prize Easa^ X 

T for 1864. With 100 EngrariugB. 8to., 12«. T 
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ON THE REPARATIVE PROCESS IN HUMAN TEND0N8 

AFTER SUBCUTANEO US DIVISION POR THE CURE OF DBPORMITIBS. 
With Plates. 8to., 6«. 
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SOMERVILLE SOOTT ALI80N, M.D.EDIN., F.R.C.P. 

THE PHYSICAL EXAMINATIüN OF THE CHEST IN PUL- 

MONARY CONSUMPTION, AND ITS INTERCURRENT DISEASES. With 
Engrariogs. 8yo., 12«. 

PETER ALLEN, M.D. FM,O.S, EOIN. 

AURAL CATARRH ; or, the Commonest Forma of Deafiieaa, and their 

Cure. With Engraringt. Poft 8to., 6«. 6d. 
r WILLIAM ALLINQHAM, F.R.C.S. 7 

1 FISTULA, HiEMORRHOlDS, PAINFUL ULCER, STRICTURE. t 

PROLAPSUS AND OTHER DISEASES OF THE RECTUM : tbiie i 
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met with in the StraiU Settlemcnti. With Explanstoiy Notai. ito,, £1. 11«. 6d, 



MOOALL ANDERSON, M.D., F.F.P.8. 
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Edition. With Engrarings. 8yo., 7«. Sd. 
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MEDICAL EEßOES — Fallocies connected with tho Application 6f Uio 
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A MANUAL OF THE PRACTICE OF MEDICINE. Second 
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ROBERT BARNES, M.D, FJ^.CP. 
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THE TRBATMENT OF H^MORRHAGE, and forming a Oaide to the Manage- 
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KENAL DISEASES ; a clinical Guide to their diagnosis 
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ON DßOPST, AND ITS CONNECTION WITH DISEASES OF 
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Edition. 8to., 12«. 6d. 



PREOERIO BATEMAN, M.O., M.R.O.P. 

APHASIA Oß LOSS OF SPEECH, and the looausation 

of the FACÜLTY of ARTICULATE LANGÜAGE. 8yo., 7t. 
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LIONEL S. BEALE, M.B., F.R.S., F.R.C.P. 
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ON KIDNET DISEASES, UEINABT DEPOSITS, AND 

CALCULOUS D1S0RDER& Thiid Edition» mach Enlaiged. With 70 Pktet. 
8to., 25s. 
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ONE HUNDRED URINARY DEPOSITS on two sheets 

FOR THE HOSPITAL LABORATORY OR SURGERY. Each Sheet, 2«. 6<L; 
on Roller, 3«. 6d, 
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THE MICROSCOPE, IN ITS APPLICATION TO PRACTICA! 

MEDICINE. Third Edition. With 58 PUtee. 8to., 16«. 

PROTOPLASM; OR, LIFE, MÄHER AND MIND. Second 

Edition. With 8 Platea. Crown 8yo., 6«. 6d, 

V. 

DISEASE GERMS; and on the Treatment of the Feverish State. 

Second Edition. With 28 Plates. Crown 8yo,, 12«. M. 
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THOÜGHT. With 6 Coloured Pktes. Crown 8yo., 5«. 6rf. 
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THE BOOK OF PRESCßlPTIONS ; contalning SOOO Prescriptions. 
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and Foreign. Foorth Edition. 18mo., 6«. 
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THE POCKET FORMULARY AND SYNOPSIS OF THE 

BRITISH AND FOKEION PHARMACOPCEIAS; comprising Standard and 
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18mo., 6s. 
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A PRACTICA! TREATISE '' ON ÜTERINE DISEASES. 

y Foorth Edition, rerised, with Additions. Sto., 16«. X 

^ WINTER AND SPRING ON THE SHORES OF THE MEDI- ^ 

TERRANEAN : OR, THE RIVIERA, MENTONE; ITALY, CORSICA, SICILY, 
ALGERIA, SPAIN, AND BIARRITZ, AS WINTER CLIMATES. Fourth 
Edition, with numerous Plates, Maps, and Wood EngraTings. Post 8to., 12s, 

III. 

ON THE TREATMENT OF PULMONARY CONSUMPTION BY 

HYGIENE, CLIMATE, AND MEDICINE. Seeond Edition, enUrged. 8to., i$. 
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J, RI8DON BENNETT, M.D., FJFtO.P. 
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THEIR NATURAL HISTORT AND DIAGNOSia With PUtci. PoM 8to, 8t. 
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A MANUAL OF BOTANY. With 1,127 Engravingson Wood. Second 
Edition. Fcap. 8?o., 12«. 6(L 
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ALBERT J. BERNAYS, PH.D., F.O.8. 

NOTES FOR STÜDENTS IN CHEMISTRY; being a Syiiabu« oom- 

piled from the Manoals of Miller, Fownes, Berselius, Gerhardt, Oomp-Beianei, &&, 
Fifth Edition. Fcap. 8vo., 3«. 6d, 

HENRY HEATHER BIGG. 

OETHOPEAXY : a complete Guide to the Modem Treatment of Deformi- 

ties bj Mechauical Appliances. With 300 Engravings. Second Edition. Poet Sto., 
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8. B. BIROH, M.D., M.R.O.P. 
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OXYGEN : its action, üse, and valüe in the treatment 

fOF VARIOUS DISEASES OTHERWISE INCURABLE OR VERY ^ 
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GONSTIPATED BOWELS: the Varioas Canses and the Difierent Meana 

of Gore. Third Edition. Pott 8yo., Ss. 6d. 
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JOHN BISHOP, FJR.O.B^ FJR^. 

ON DEFOMITIES OF THE HUMAN BODT. their Pathologe 

and TrMtmcnt With EngnTingi od Wood. Ovo., lOi; 

ON JLRTICÜUTE SOUNDS, AND ON THE CAUSES AND 

CURE OF IMPEÜIMENTS OF SPEECH. Sto., 4«. 
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i OUTLIKES OF THE VETERINÄR! ART; OR. A TREATISE 

I ON THE ANATOMY. PHYSIOLOOY. AND DISEASES OF THE HORSE, 

I NEAT CATIXE, AND 8HEEP. Serenth Edition. By Cluirlei Steel, M.R.C.V.SX. 

With Plates. Sm, 18«. 



C. L. BLOXAM. 
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CHEHISTET, IKOKGi^'IC iND OSGiKIC i wuh Eipeiih»» i 

■ndaCompariBanofEqmvalentandMolecularFonnal«. With 276 EngraVingson Wood. A 
8vo., 16». T 

URORATORY TEACHIN6 ; OR PROGRESSIVR EXERCISES f 

IN PRACTICAL CHEMISTRY. Second Ediücn. Wiih 89 EngräTing«. Crewn ] 
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HONORE BOURGUIONON, M.D. 
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tntiont on Wood. Sizth Edition. Foolacap 8vo., 6«. 6J. 
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MEDICAL CHEMISTRY ; with Illustraticms on Wood. Fourth Edition, 

curefully reriied. Fcap. 8to., 6«. 6d, 
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ON PY-älMIA, OR SÜPPUEATIVE FEVER: the Asüey Coopcr 

Prise Etsay for 1868. With 12 Platet. 8va, lOi. Bd. I 
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Edition. 8to., 10s. ßd. ii. 

INTESTINAL OBSTßUCTION. Edited by Du. Bozzabd. Post 8T0., 

Öf. 

BERNARD E, BROOHURST, P.R.O.8. 

ON DEFOßMITIES OF THE '' HUMAN BODY: a SjBtom ü 

Orthopaedic Stugeiy. With Engravingt. 8to., 10«. 6d, 

IL 

CÜEVATUßES OF THE SPINE: tbeir Causes, Symptoms, Patholoty, 

«jttd Txvatment. Seoond Edition. Roy. 8to., with Engmtingt, 7«. <M. 
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ON THE NATURE AND TREATMENT OF CLUBFOOT AND 

AN ALOGOUS DISTORTIONS inyolving the TIBIO-TARSAL ARTICÜLATION. 
With Engrayinga on Wood. 8to., 4«. 6J. 

f PRACTICAL OBSERVATIONS ON THE DISEASES OF THE I 

V JOINTÖ INVOLVING ANCHYLOSIS, and on the TREATxMENT for the 

X RESrrORATION o£ MOTION. Thixd Edition, much enlargod, dru., lg. 6<f. 

S OHARLE8 BROOKE, M.A^ MB« F.R.8. 

^ EtEilENTS OE NlTüßAL PHILOSOPH!. Based on the Wo* of 

f the Ute Dr. Golding Bird. Sixth Edition. With 700 Engrarings. Fcap. 8fo., 12s. ßJ. f 

J, OAMPBitLL BROWN, 03C., P.O.8., 

ANALTTICAL TABLliS FOR SrUDENIS OF PRACTICAL 

CHEMISTRY. 8ro., (U. 6J. 
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THE MEDICAL JüRISPRÜDENCE OF INSANITY. 8vo. 
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T. L. BRUNTON, B.80., M.B. 

OrT DIGITALIS. With some Obsenratioos on the Urine. Foapi. %to*, 

4t. W. 

TKOKIAS BRYÄNT, F.R.O.S. 

01*1 THE DISEASES AND INJÜRIES OF THE JOINTS. 

CLINICAL AND PATUOLOOICAL OBSERVATIONS. Pott »ro., 7t. e</. 
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CLINICAL SUßGERY. Partsl. toVII. dro., S«. 6i. each. 
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ADVICE TO A MOTHER ON THE MANAGEMENT OF 

HER CHILDREN. Tenth Edition. FooUcap Sto., 2f. 6ä. 

II. 

COUNSEL TO A MOTHER : being a Continuation and the Completion 
of " Adyice to a Mother.* Second Edition. Feap. 8to., 2f. S<L 

in. 

ADVICE TO A WIFE ON THE MANAGEMENT OF HER 

OWN HEALTH. With an Introdnctory Chapter, etpedally addreiMed to a Yoong 
Wife. Ninth Edition. Fa^ 8yo., 2«. 6d. 

F. LE QR08 OLARK, P.R.O.8. 

LECTTJRES ON THE PRINCIPLES OF SURGICAL DIAG- 

NOSIS : ESPECIALLY IN RELATION TO SHOCK AND VISCERAL 
LESIONS Delivered at the Royal College of Surgeoni. 8yo., 10«. 6d, 

OUTLINES OF SURGERY ; beSg an Epitome of the Lectures on the 

Principles and the Practice of Sui^ry delivered at St Thomas't Hospital Fcap. Sto., 

fJOHN OLAY, IVIA.0.8. t 

KIWISCH ON DISEASES OF THE OVARIES: Tranakted. by ♦ 

permiBsion, firom the laat G^rman Edition of his Clinical Lectures on the Special Patho- 
logy and Tieatment of the Diseases of Women. With Notes, and an Appendix on the 
Operation of Ovariotomy. Royal 12mo., 16«. 
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T. 8PENOER COBBOLD. M.D., P.R3. 

WORMS: a Series of Lectnres delivered at the Middlesex Hospital on 

iPractical Hehninthology. Post 8to., 5«. 
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DEFORMITIES OF THE MOUTH; congenital and ao- 

QUIRED; their Mdchanical Treatment With Coloured Pktes. Second Edition, 
8yo., 5«. 6d, _ , 

MAURICE H. OOLLI8, M.D.DUB.« P.R.O.8.1. 

THE DIAGNOSIS AND TREATMENT OF CANCER AND 

THE TUMOURS ANALOGOUS TO IT. With colouied Pktes. 8yo., 14«. 



THE CTCLOP^DIA W ' PRAcfiCAL RECEIPTS, PRO- 

CESSES, AND COLLATERAL INFORMATION IN THE ARTS, MANÜ- 
FACTÜRES, PROFESSIONS, AND TRADES, INCLUDING MEDICINE, 
PHARMACY, AND DOMESTIC ECONOMY; designed as a General Book of 
Reference for the Manufactorer, Tradesman, Amateur, and Heads of Families. Fourth 
and greatly enlarged Edition, Sto., 28«. 



W. WHITE OOOPER, P.R.O.8. 

ON WOUNDS AND INJURIES OF THE EYE. ninatrated by 

17 Coloured Fignres and 41 Woodcuts. 8yo., 12«. 

ON NEAR SICHT, AGED "siGHT, IMPAIRED VISION, 

AND THE MEANS OF ASSISTING SIGHT. With 81 Illnstrationi on Wood. 
Sacond Edition. Fcap. 8yo., 7«. 6d. 
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T A DTOTIONARY OF PRAcfiCAL SURGERY AND ENCYCLO- t 

' PiGDIA OF^SUROICAL SCIKNCE. New Ediüon, broaght down to the pmoit 
tiroe. D7 Samvsl A. Laib, F.R.C.S., aMÜted by nrioni emÜMOt SHigcona. VoLI. 

R. P. COTTON, M.D., F.R.O.P. 

PHTHISIS AND THE STETHOSCüPE; OB. THE PHYSICAL 

8IQNS OF CONSUMPTION. Fourth Ediüon. Foolacap 8to., Sf. 6<<. 



>A/ILLIAM DALE, M.O.LOND. 

A eOMPENDiüM OF PRACTICAL MEDIOIKE AW) MORBID 

ANATOMY. With PUtei, 12ino., 7». ' " ' ~ 
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DONALD DALRYMPLE, M.P.. 1V9.R.O.P. 

PE pLlMATE OF EGYPT : METEOBOLOfi^CAL AKD MEDI- 

CAL ÖäSERVATIONS, witb PnctidüHuiU ior Inralid ttaTcUm PoffSte^i^' 
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JOHN OALRYMPLB, F.R.C.S.. fUS. 

PATgOLOGY OF THE HUMAN EYE. c<TOple^ in Ui^ FfsdcuU: 

imperial 4to., 20f. each; half-boimd morocco, gilt topi, 9/. 15«. 

FRED. DAVIE8, M.D^ F.R.O^. 

T5I1 UNITT ÜF MEDICINE: its cobrüptions «id divi- 

SIQNS by LAW ESTABLISHED; thcir Caoae^, flficc^f Jod lUmedy. With a 
,C<4oared Cbart Second Editioo. 8vo., 10«. 
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HERBERT DAVIES, M.D., F.R.C.P. 

ON THE PHYSICAL DIAGNüSlS OF DISEASES OF THE 

LUNQS AND HEABT. Secood Edition. Pott 8vo., 8«. 
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JAME8 Q. DAVSY, M.p., M.R.p.p. 



>A^ALTER J. COUL^ON, F.R.O.a. 

A TREATISE ON SYPHIU& 8vo., 10*. 

.^lONE IN THE BLiDDER: lu Prevcntioo, Early Syaptoms, and 

TftfiMDtnt by Utbotrity. Svo., 6«. 

T. B. OURLINQ. F.R.O.8., F.R.8. 

OBSERVATION S ON DISEASES OF THE lüECTDM. Third 

Edition. 8ro., 7«. Sd, ji 

A PRAGTICAL TREATISE ON' DISEASES OF THE TESTIS, l 

SPEUMATIC CORD, AND SCROTUM. Third Ediuon, wiUi EngitTin^a. 8vo., f 

18». ' 

THOMAS CUTLER. M.O. 

kOTiaS ON SPA; OR OBSEUVATIONS OK ITS GHALYBEATE 
SPRINGS. Ninth Edition. Crown 8vo., 2«. 



i 



f THE GANGLIONIC NERVOUs'* SYSTEM : iu Structnro, FoncüoiiB, f 

! tnj^ DiBeaset. 8yo., 9«. ix. [ 

i ON 7HE NATUEE AND PROXIMATE CAUSE OP IN- 

^ SANITY. PMt8To.,8«. .... 
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w HENRY DAY M*D M>R«C«P* % 

CJ^IGAL HISTOKIES; with Comments! 8vo, 7«. Cd. * 
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OAMPBELL DE MORQAN, P.R^., F.R.C.8. 

THE OEIGIN OF CANCER considored with Referenoe to tlie 
Treatment of the Diieate. Crown 8ro., 3s. 6d, 



JAMES DIXON, P.RC.8. 

A GUIDE TO THE PEACTICAL STUDY OF DISEASES OF 

THE EYE Third Edition. Post 8yo., 9$. 



HORACE DOBELL, M.D. 

DEMONSTJIATIONS OF DISEASES IN THE CHEST. AND 

TilEIR PHYSICAL DIAONOSIS. With Coloured Platoi. 8vo., 12t. M. 

LECTURES ON THE GERMS AND VESTIGES OF DISEASE. 

and on the Prevention of the Invosioo and Fatality of Diteate by Periodical Examinationa. 
8vo., 6«. 6d, jii, 

- ON TUBERCULOSIS : US NATURE. CAUSE. AND TREAT- 

T MENT; with Notes on Pancreatic Juice. Second Edition. Crown 8vo., 3*. Gd. 

LECTURES ON WINTER COUGH (CATAßRH. BRONCHITIS, 

EMPHYSEM A, ASTHMA); with an Appendix on some Principles of Diet in 
'Disease. Second Edition, with Coloured Plates. 8yo., 6«. Sä, 

LECTURES ON THE TRUE FIRST STA6E OE CONSÜMP- ^ 

XlV/N« Crown oto.) Ss. Da. iww—iowwwww»!«« ^ 

O. TOOQOOD POWNINQ, M.D. 

NEURALGIA Its varioas Forms, Pathologjr, and Trettment l^Ki 
Jaoebohiah Pbizb Essat fOB 1850. 8yo., 10«. 6d, 

ROBERT DRUITT, F.R.O.8. 

THE SURGEON'S YADE-MECUM; with nomeroiiB ßngnriMgp qd 

Wood. Tenth Edition. Foolscap 8yo., I2«.6(i. 
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CHARLES ELAM, M.D., P.R.O.P. 

ON CEREBRIA AND OTHER" DISEASES OF THE BRAIN. 

Sto., 6*1 
MEDICINE, DISEASE, AND DEATH : beiog an Enqoiir into tbe 

Progress of Mediane as a Practica! Art 8ro., 3«. ßd. 
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EDN/YARD ELLI8, M.D. 

A PRACTICA L MANUAL OF THE DISEASES OF CHILDREN. 

With a Formulary. Crown 8to., 6s. 

8IR JAME8 EYRE, MD. 

THE STOMACH AND ITS DIFFICÜLTIES. Sixth fiOiUo?, 

by Mr. Dsalb. Fcap. 8vo., 2s. 6ä. 

5 CLINICAL SÜRGliY'*S''MlL''wiIhai^vi»gs. 8v«„J(5*. 
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MESSRS. J. & A. CHURCHILL's PUBLICATIONS. 




REMIQIU8 FRESENIUS. 

A SYSTEM OF INSTRUCTION IN CHEMICAL ANALYSIS. t 

Edited by Abthub Vachsk. 

Qdalitativb. Seventh Edition. Svo., 9«. 
QuANTiTATiVB. Fifth Edition. 8yo., 12t. 6d. 



ROBERT QALLO>A/AY. 

THE FIRST STEP IN CHEMISTßY. With numeroMEngravmgs. 

Fourth Edition. Fcap. 8vo., 6«. 6d, 

A KEY TO THE EXERCISES. 2*. 6rf. 

THE SECOND STEP IN CHEMISTßY; or, the Stadent's Gmde to 

the Higher Branches of the Science. With Engzavings. 8yo., 10t. 

m. 

A MANUAL OF QUALITATIVE ANALYSIS. Fifth Edition. 

With Engravingt. Pott Svo., 8t. 6d, 

IV. 

CHEMICAL TABLES. On Five Large Sheets, for School and Lecture 

Roomi. Second Edition. 4t. 6d. 
f J. SAMPSON QAMQEE, M.R.O.S. \l 

i ON THE TREATMENT OF FRACTURES OF THE LIMBS. ^ 

With Platet. 8yo., 10t. 6d. 

F. J. QANT, F.R.O.8. 

THE PWNCIPLES OF STJBGERY : dinical, Medical, and Opera- 

A tive. With Engravingt. 8ya, I8t. i 

7 THE SCIENCE AND PEACTKE OF SURGERY : » compiete * 

System and Textbook. With 470 Engravingt. 8yo, £1. 4t. 
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THE IRRITABLE BLADDER : lu Cansea and Treatment Third 

Edition, with Engravingt. Crown 8vo., 6t. 

C. B. QARRETT, M.D. 

IRRITATIVE DTSPEPSIA AND ITS IMPORTANT CON- 

NECTION with IRRITATIVE CONGESTION of the WINDPIPE, and with 
the Origin and Progreit of Consumption. Crown 8vo., 2t. 6d. 

QEORQE QA8KOIN. SURQEON. 

THE MEDICAL WORKS OF FRANCISCO LOPEZ DE VILU- 

LOBOS, the celebrated Conrt Phytician of Spain ; containing the Poem on the 
Pettiferoui Bubas; Dialoguet on Medicine (15th and 16th centuriei); &c. With 
Bioigraphy and Commentaiy. Pott 8vo., 10t. 6</. 

JOHN QAY, P.R.C.S. 

ON VARICOSE DISEASE OF THE LOWER EXTREMITIES. 

fLiTTSOMiAH Lectubm. With Platet. 8vo., 5t. 
L SIR DUNGAN QIBB. BART.. M.D. 7 




THE LARYNGOSCOPE IN DISEASES OF THE THROAT, i 

with a Chapter on Rbiboscopt. Third Edition, with Engravingt. Crown 8voi, 5t. M 
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ROBERT Q. QLENN, LL.B., BARRISTERAT-LAW. 

A MANUAL OF THE LA WS AFFECTIN6 MEDICAL MEN. 

With a Chapter on Medical Etiquette by Db. A. Cabpiittiiu 8to, 14s. 

BENJAMIN QODFREY, M,D, F.R.A^. 

DISEASES OF HAIE : a populär Treatiae upon the Affectiona of the 

Hair Sjftem. Fcap. Svo., St. 6d. 



O. A. QORDON M.D., O.B. 

AEMY HYGIENE. 8vo.,20.. '* 

CHINA, FROM A MEDICAl"" POINT OF YIEW: IN I8«0 

AND 1861 ; With a Chapter on Nagasaki ai a Sanatariun. Bto., lOf. M. 
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MICHAEL O. QRABHAM, M.O, M.R.C.P. 

THE CLIMATE and RESOUECES OF MADEIRA, »s 

regardinff chiefl j the Necessitiei of Consomption and the Welfiue of Invalids. With 
Map and EngraTings. Crown Bto., 5«. 
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T. QRIFFITH8. 

CHEMISTRY OF THE FOUR SEASONS- Spring. Summer. 

Antamn, Winter. Illoftrated with Engiavings on Wood. Second Edition. Foolacap 
8vo., 7t. ßd, 
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>A/. A. GUY, M.B., F.R.8., AND JOHN HARLEY. M.Q, F.R.C,P. 

HOOPER'S PHTSICIAN'S VADE-MECUM : OR, MANUAL OF 

THE PRINCIPLES AND PRACTICE OF PHYSIC. Serenth Edition. With 
Engravings. Foolscap 8to., 12«. 6d, 

flüY'S HOSPITAL REPOlSsTlhL^Series. Vol. XVII.. 8vo. 7«. 6rf. 
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S. O. HABERSHON. M.D.. F.R.O.P. 

ON DISEASES OF THE ABDOMEN, comprising tbow of the 

St>mRch and other Paru of the Alimentary Canal, CEsophagu«, Stomach, Cttcum, 
InteeUneB> and Peritoneum. Seoond Edition, with Platefc Bto., lic 

^^^.oIIl^.SJJM"^S EFFECTS OF MERCURY IN THE 

TREATMRNT OF DISEASE. Poet Bto., 8fc W. 

ON DISF^SFÄ OF THE LIVER LetUomian Lectm« for 1872. 
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., „ ^. O« RADOLYFFE HALL, F.R.O.P. 

myW IN ITS MEDICAL ASPECT AS A EBSQKT 

»UJUIONAKY INVALIl»S. Pott 8^ 5t. «•.^^" 



f' R. J. QRAVEd, M.D.. FJ^.S. t 

STÜDIES IN PHYSI0L06Y AND MEDICINE. Edited by | 

Dr. Stokei. With Portnit rad Memoir. 8to., U«. 
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MESSRS. J. & A, CHURCHILL S FUBLICATIOKS, 
jj^ REV. T P. HAROWIOH. f 

A MANUAL OF PHOTOGRAPHIE CHEMISTHI. Wim 

EngnTingB. Seventli Edition. Foolicap 8to., 7«. Sd. 

QEORGE HARLEY, M.D., F.R.8, F.R.C.P. 

LECTTJKES ON THE UßlNE AND ITS BERANGEMENTÖ 

with the Applicatioii of Phyaialogical Chemistiy to the DiagAötii tnd Tiwtiirat of 
ConttitQtioiuJ ai well ai Local Diseases. Post 8to., 9s. 

J. BOWER HARRI 80N, M.D., M.B.O.P. 

LETTEES TO A YOUNG PRACTITIONEß ON THE DIS- 

EASES OF CHILBREN. Foolscap 8yo., 8«; 

ON THE CONTAMINATION OF WATER BY THE P0I80K 

OF LEAD, and its Effects on the Hnman Bodj. Foolscap 8to., 9t, üd. 
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ALFRED HAVILAND, M.R.O.8. 
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W. HAYOOOK, M.R.O.VA. 

HOESES; HOW THET OUGHT TO BE SHOD: being a piain 

and practical Treatise on the Principles aod Practice of the Ferner^ Art With 
UPlates. 7t. ßd. 

F. >A/. HEADLA'Nd, M.D^ F.R.O.P. 

ON THE ACTION OF MEDICINES IN THE SYSTEM. 

Foorth Edition. Sto., 14«. 

IL 

A MEDICAL HAKDBOOE ; comprehendiDg siieb InformatioD öi/M^aM 

and Sanitaiy Subjrcts as is desirable in Educated Prrsons. Seeond Thoosand.- Fddlicap 
8to., 5«. 
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J. N. HEALE, M.D.. M.R.C.P. 

A TREATISE ON THE PHYSI0L06ICAL ANATOMY OF 

THE LUNGa With EngiBTings. 8to.,8s. 



QBORQE HARTWIG, MJD, 

♦ ON SEA BATHING AND SEA AIR. Second Edition. Fcap. T 

8to., 2f. Bd, 

ON THE PHYSICAL EDUCATION OF CHILDREN. Fcap. 

8to., 2f. 6d. 



CLIMATE, WEATHER, AND DISEASE; being a Sketch of the i 

Opinions of the most celebrated Ancient and Modern Writers with regard to the Inflnence 
of Climate and Weather in prodncing Disease. With Fonr colonred Engravings. 8to., 7s 



A TEEATISE ON TITAl CAVSfS. «ro,«» 
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EfJUKIES A5D DISEASES OF THE JAWS. Jacdohux 



A PRACTICAL ESSAY OX THE ÜSE OF THE NITRATE OF 

8ILTKE IK THS TEKATMSXT OF IKFLAICMATIOK. WOUN08, AND 
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^mJUAM HM08, 9MJO. 

THE HARMOXIES OF PHTSICAL SCIENCE IN RELATION 

TO THE HIGHER SENTIMENTS; vüh Otiiiiiiiiii m Mefied Scadi«, and oo 



^ ÜMd a^ Scitüc ff iliriMi rf Medial lifc. Ptal9m,4s. I 

fOCHARO HOCXMES. MX>. 

THE NATCRE. PATHOLüGT. AND TREATMENT OF PÜEB- 

PERAL CONTULSION& Ctwmm99^%. 



OECIMU8 HODQSON, MJD. 

THE PROSTATE 61^1), AND ITS ENLARGEMENT IS 

OLD ACE WitklSPktea. R^jal9vo^CL 



LUTHER HOLDEN. F.R.CX8. 

L 

HUMAN 0STB0L06Y : with Plates, Aowwg the Attachmento <^ tbe 

Uutdm, Foortb Editioa. 8i«i, 16t. 

A MANUAL OF THE DISSEcflON OF THE HUMAN BODT. 

Widi BogiaTiiigs OB Wood. TVidEditkn. Sta^ 16c 




BARNARD HOLT, FJRX^JS, t 

J THE IMMEDLiTE TREATMENT OF STRIOTÜRE OF i 

THE URETHRA. TkM EditMo, Eafaused. 9va^ U M 
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ME8SB8. J. & A. CHURCHILL 8 PUBLICATI0N8. 
# O. HOLTHOU8E, P.R.03. # 

ON HERNIAL AND OTHER TÜMOUBS OF THE GEOIN 

and iu NEIOHBOURHOOD ; with tome Pmctiaa Ronarki on the Radiod Cum 
of Ruptnies. 8to., 6$, 6d, 

P. HOOD, M.D. 

A TEEATISE ON GOUT, RHEÜMATISM, AND THE AIXIED 

AFFECTIONS. Crown 8m, lOi. W. 

THE SUCCESSFUL TßEATMENT OF SCARLET FEVER; 

alio, OBSERVATIONS ON THE PATHOLOOY AND TREATMENT OF 
CROWING INSPIRATIONS OF TNFANTS. Poft8TO.,fi#. 
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JOHN HORSLCY. 

A CATECHISM OF CHEMICAL PflILOSOPHT ; being a Familiär 

Ezpoaition of the Principlei of ChemiBtry and Phydct. With EngraTingt on Wood. 
Detigned for the Use of School« and PriTate Teachen. Pott 8to., 6t. 6tL 



«MniMIMIMMMMIVWMMtMl» 



JAMES A. HORTON, M.D. 

PHTSIOAL AND MEDICAL CLIMATE AND METEOROIOÖT 

OF THE WEST COAST OF AFRICA. 8m, 10t. 



LUKE HOWARD, F.R.8. 

i ESSAY ON THE MODIFICATIONS OF CLOUDS. Third Editkm, 

by W. D. and E. Howa&d. With 6 Lithographie Platet,from Pietmoi Iqr Kenyon. 
4to., lOt. Sd, «««..«.«.«...^ 

A. HAMILTON HOWB, M.D. 

A THEORETICAL INQUIRY INTÜ THE PHYSICAL CAUSE 

OF EPIBEMIC DISEASES. Aecompaiiied with Tablei. 8to. 7«. 



O. W. HUPELAND. 

THE ABT OF PS0L0N6ING LIFK Sec<md Edition. Edited 

by Erasmus Wilson, F.R.S. Foolicap 8to., 2t, 6ä. 



W. OURTI8 HUQMAN. FJLOjB, 

ON HIP-JOINT DISEASE; with reference especiaUj to Treatment 

by Mecbanical Meant for tbe Relief of Contraction and Duformity of the Affected LimK 
With Plates. Re-iBsne, enlaiged. 8vo., St. 6d. 



t Q. Y. HUNTER, MÜ.C.8. % 

i BODT AND MIND : the Nervoos SjBtem and its Derangementa. 

je Fcap. 8to., 8t. 6d, 
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A CLI5ICAL MEMÖIS OX CERIAIN DiS£iSES Of THE 

KTB AND &Ut, C02ISlQCK!rT OX IXASBITEO STPHIUS : witk an 
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T. H. HUXLEV. U-O. FJt& 

1IA>TAL OF THE AXATOMT OF YEBTEBRATED ANIMALS. 



IL 

DiTBODUGTIOX TO THE CLASSIFICATIOX OF ANIMALS. 



I FOUNDATION FOR A NEW THB^RY AND PRAGTIGE 

I OF MBDIGIlfE. «fimlBfiti». (>raB«m.l«tL 
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JAMEa JAQO. MJXOXOM^ AÜ.OANTAB. 

EHTOPTICS. WITH HS ÜSBS IN PHT8IOL06Y AND 

MSDICIKE. WiA 54 Ei«nni0L Cnwm 9x9^5^ 



T M. PROSSEIt JAMES. IU>, MJLCJP. \ 

^ 80RE-THR0AT: ITS NATÜSE, VABIETIBS. AND TREAT- * 

MENT;ndadmgtkeUietrtke]JkRYNGOSCOP£ManAidto'l>ii^MMUL Seoond 
E d it ioB, with n—mwi EDgirnnaga. Po«t9t«,5«. 



CX HANOneUd J0NE8, M3, F.RXXP^ WJRJB. 

STÜDIES ON FÜNCTIONAL NERVOUS DISOBDEl 

Kdttinn, mach enkfged. 8tol, 18c. 
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H. BENCE JOME8. UJK FJI.aP, OaU FJIS. 

LECTTJRES ON SOME OF THE APPLICATIONS OF 

CHBHISTRT AND MBCHAMICS TO PATHOLOOY AND THERA- 
PEUTICS. 8t(s 12i. 

CROONIAN LECTÜBES ON MÄHER AND FORCE Fcp. Svo.. 5*. 



O. HANDFIELD JONES, MvB, F.RA, tt E. H. 8IEVEKINQ, M.D, FJt.C.P. f 

i A MANUAL OF PATHOLOGICAL ANATOMY. uioatrated with 

m Dumeroiu EngimTiuKi on Wood. Foobcap 8vo., 12«. 6d. 










• ME8SB8. J. & A. CHUECHILL's PUBLIOATIONS. M 

2 JAME8 JONB8, M.D^ M.R.O.P. 

ON THE USE OF PEROHLOßlDE OF IRON AND OTHER 

CHALYBEATE SALTS IN THE TREATMENT OF CONSUMPTION. Ctown 
8to^ 3«. 6d. 

T. WHARTON JONES, F.R.C.8., fJRS. 

A MANUAL OF THE PRINCIPLE8 AND PRACTICE OF 

OPHTHALMIC MEDICINE AND SUROERY; with Nine Coloond Plmtet and 
] 73 Wood Engraringi. Third Edition, thoronghly reTised. Foolicap 8to., 12*. 6d: 

THE WISDOM AND BENEFICENCE OF THE ALMIGHTY, 

AS DISPLAYED IN THE SENSE OF VISION. Actoniiui Prize Eisay. With 
Illuitrations on Steel and Wood. Foolscap 8yo., 4«. 6d, 

III. 

DEFECTS OF SI6HT MD HEAEING: their Nature, Canses, Pre- 

vention, and General Management Second Edition, with Engxaringi. Fcap. Bvo., 2t, 6d, 

A CATECHISM OF THE ÄIEDICINE AND SURGERY OF 

THE CYE AND EAR. For the Clinical Uie of Hoipital StndenU. Fcap. 8to.,2«. $d. 

♦ A CATECHISM OF THE PHYSIOLOGY AND PHILOSOPHY ♦ 

OF BODY, SENSE, AND MIND. For Uie in SchooU and CoUegei. Fcap. 8to.» 
2t. 6</. 
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QEORQE KENNION, M.D., F R.C.P. 

OBSEKVATlüNS ON THE MINERAL SPRINGS OF HARRO- 

GATE. Revised and Enlarged by Adam Bkalet, M.A., M.D., F.R.C.P. Ninth 
Edition. Crown 8vo, 1«. 
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FURNEAUX JORDAN. F.R.O.8. 

THE TREATMENT OF SÜRGICAL INFLAMMATIONS BY A , 

iNEW METHOD, WHICH GREATLY SHORTENS THEIR DURATION. 1 
With Phitea. 8yo., 7#. W. * 
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U. d. KAV-8HUTTLEWORTH, M.P. 

FIRST PRINOIPLES OF MODERN CHEMISTRY : a Mannai 

of Inorganic Chemistry. Second Edition. Crown 8vo., 4«. 6d, 



DR. LAENNEC. 

A MANUAL OF AÜSCLLTATION AND PERCUSSION. Tran». 

Uted and Edited by J. B. Sharfb, M.R.C.S. Fcap. Sto, S>. 

SIR WM. LAWRENCE, BART.. F.R.8. 

+ LECTURES ON SURGERY. 8vo., 16». « 
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\ A TREATISE ON RUPTURES. The Fifth EditioD, cooüdenkly 2 

B enlarged. 8ik>., 16«. B 





MESSRS. J. ft A. CHUECHILL S PÜBLICATIONS. 



ARTHUR LEARED, M.D., F.R.C.P. 

IMPERFECT DIGESTION: ITS CAUSES MD TREATMENT. 

Fifth Edition. Foolscap 8to., 4«. ßd. 
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HENRY LEE. P.R.O.S. 

PBACTICAL PATHOLOGY. Third Edition, in 2 Vols. Oontaining 
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